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ABSTRACT

Background and Objectives: Fever of unknown origin (FUO) has long been a cause for
concern among clinicians, and its spectrum has evolved with progress in medicine. This study
aimed to investigate the distribution of causes of FUO in China between 2013 and 2022 to
facilitate the clinical understanding of the etiology of FUO. Materials and Methods: Case
series of FUO in China published between 2013 and 2022 were retrieved from PubMed,
Wanfang Data, and CNKI databases and retrospectively analyzed. The rates of different
causes of FUO were calculated, and these data were compared with previously published
distributions of causes of FUO in China. Results: The causes of FUO with the highest rates
from the 51 identified case series (n = 19,874) were infectious, autoimmune, and neoplastic
diseases (59.6%, 14.3%, and 7.9%, respectively). A comparison of a subset (43 case series
subdivided by disease category, n = 16,278) with previously reported data revealed an
increased rate of FUO attributed to infectious diseases in the past decade, with a significantly
higher rate attributed to bloodstream infections (10.0% vs. 4.8%) and a significantly lower
rate attributed to tuberculosis (9.3% vs. 28.4%), compared with the rates from the previous
period. In contrast, the rates of FUO attributed to both autoimmune and neoplastic diseases
decreased, with significantly decreased rates attributed to adult-onset Still's disease among
autoimmune diseases (4.6% vs. 8.5%) and lung cancer among neoplastic diseases (0.6% vs.
1.6%). Conclusion: Despite an overall increase in the rate attributed to infectious diseases,
that attributed to tuberculosis has decreased. The rates attributed to both autoimmune and
neoplastic diseases have also decreased.
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INTRODUCTION

As a common symptom in clinical practice,
fever often presents as the first disease
manifestation and may even be the only
symptom. Among such presentations,
fever of unknown origin (FUO) has long
been a cause for concern among clinicians.
The diagnostic criteria for FUO were
established by Petersdorf and Beeson
as “fever (temperature > 38.3°C on
several occasions) for over 3 weeks with
no cause identified after hospitalization
and examination for 1 week”. In 1991,
Durack and Street revised these criteria
to “fever (temperature > 38.3°C on
several occasions) for over 3 weeks with
no cause identified after hospitalization

for 3 days or after 3 outpatient visits”
and classified FUO into four categories-
classical, nosocomial, neutropenic, and
human immunodeficiency virus/acquired
immunodeficiency syndrome (HIV/AIDS)-
associated FUO.”l In certain patients,
FUO has a relatively narrow spectrum of
underlying causes due to specific underlying
health conditions, and a clinical diagnosis
can be made more easily. However, the
diagnosis of classical FUO is more difficult,
as the patient may have been healthy before
fever onset, only have a subclinical disease,
ot have a chronic disease.

The causes of FUO have changed
substantially over the past century.”!
Objective factors including geographical and
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environmental differences and a country’s developmental
stage can result in very different causes of FUO.M The
range of causes of FUO is constantly changing due to
factors including advances in diagnostic techniques, the
use of novel drugs (e.g., immunosuppressants), and climate
change. Therefore, we conducted a systematic review of
case seties reported during the period 2013-2022 to analyze
the distribution of causes of FUO in China and to compare
it with previously reported distributions to understand the
differences, which may facilitate clinical decision-making.

MATERIALS AND METHODS

Literature search strategy

PubMed was searched for articles published in the English
language between January 2013 and December 2022
using ‘(fever of unknown origin) or (FUO) or (pyrexia of
unknown origin) or (PUO)’ and (China) as the MeSH and
search terms. CNKI and Wanfang database was searched
for articles published Chinese language within the same
date range using (fever of unknown origin) or (fever
pending investigation) as the search terms.

Data selection

Inclusion criteria: case series that met one of the two
diagnostic critetia for FUO,M included the distribution of
causes of FUQ, and involved Chinese individuals.

Exclusion criteria: case series that enrolled only children
or collected data from a specialty, not a general hospital.

Statistics

Data were manually extracted by researchers for further
analysis. The distributions of causes of FUO between
current and previous report periods were compared
using the chi-square test using SPSS 27.0 software (IBM,
Armonk, NY, USA). Statistical significance was set at P
< 0.05.

RESULTS

Data retrieval

In the initial database search, 2604 publications were
identified. After screening for publication type and
removing duplicates, 583 articles with FUO cases remained.
After excluding 486 articles based on titles or abstracts, 97
case series were selected for further analyses. Among these,
46 were excluded because they were conducted at specialty
hospitals or focused solely on children. Finally, 51 articles
with 19,874 patients were analyzed, of which 43 articles
characterized their 16,278 patients by disease subcategories.

Distribution of causes of FUO in 2013-2022

In the 51 included case series (# = 19,874), causes of

FUO were infectious diseases in 11,837 cases (59.6%),
autoimmune diseases in 2850 cases (14.3%), neoplastic
diseases in 1562 cases (7.9%), other diseases in 1197 cases
(6.0%), and undiagnosed cause in 2428 cases (12.2%).
Thus, infectious diseases accounted for the majority of
FUO cases. In the 43 case series subdivided by disease (7 =
16,278), infectious diseases were again the primary cause in
9766 cases (60.0%). The top three infectious diseases were
respiratory infections in 2192 cases (13.5%), bloodstream
infections in 1632 cases (10.0%), and tuberculosis in 1509
cases (9.3%). Among the 2328 FUO cases attributed to
autoimmune diseases (14.3%), the top three causes were
adult-onset Still’s disease (AOSD) in 753 cases (4.6%),
systemic lupus erythematosus in 351 cases (2.2%), and
vasculitis in 290 cases (1.8%). Neoplastic diseases were
responsible for 1331 FUO cases (8.2%); the top three
causes were lymphoma in 535 cases (3.3%), leukemia in
207 cases (1.3%), and gastrointestinal tumors in 182 cases
(1.1%). Among other diseases in 951 FUO cases (5.8%), the
top three causes were lymphadenitis in 224 cases (1.4%),
subacute thyroiditis in 213 cases (1.3%), and drug fever in
144 cases (0.9%).

Distributions of causes of FUO in 2013-2022
compared with those in earlier years

Comparison of major disease spectrum classifications
The distributions of causes of FUO were compared
between the case series in the present study (51 case
series, » = 19,874) and those in the article “Chinese
literature review of etiology distribution of adult patients
with fever of unknown origin from 1979 to 20127 (43
case seties, 7 = 10,201, Table 1).P! The rate attributed to
infectious diseases significantly increased in the present
case series compared with those from 1979 to 2012 (59.6%
vs. 53.5%, respectively), whereas the rates attributed to
autoimmune, neoplastic, and other diseases significantly
decreased (14.3% vs. 20.1%, 7.9% vs. 12%, and 6.0% wvs.
0.4% respectively), and the rate attributed to undiagnosed
causes significantly increased (12.2% vs. 8.2%, Figure 1).

Comparison of causes of FUO subdivided by disease
after 2000

With the rapid development of medical care in China
since 2000, the quality of medical testing and diagnostic
procedures has substantially improved, and the range of
causes of FUO in case series reported after 2000 is relatively
comprehensive. Therefore, the data reported by Tan et al.l!
were recompiled, including only the period 2000-2012 (z =
7747). These data were compared with those from the 43
case series subdivided by disease (7 = 16,278). The results
showed that the rate of FUO attributed to infectious
diseases has increased in the last decade, among which
the rates attributed to bloodstream infections (10.0% us.
4.8%), urinary tract infections (4.4% vs. 2.1%), and HIV/
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Table 1: Distribution of the different disease categories in 1979-2012 and 2013-2022

Disease categories 1979-2012 (% of total) 2013-2022 (% of total) P-value

Infections 5458 53.5 11837 59.6 < 0.001
Autoimmune causes 2050 20.1 2850 14.3 < 0.001
Neoplastic diseases 1204 12.0 1562 7.9 < 0.001
Other diseases 653 6.4 1197 6.0 < 0.001
Undiagnosed 836 8.2 2428 12.2 < 0.001

Case series 1979-2012 had 10,201 cases in 43 papers and case series 2013-2022 had 19,874 cases in 51 papers; Statistical significance is examined by using
x’-test to assess the difference of constituent ratios in the two periods; P < 0.05 is considered statistically significant.
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Figure 1: Graph showing the distribution of FUO disease constituent categories from 1979 to 2012 and from 2013 to 2022. P < 0.05. FUO: fever of unknown origin.

AIDS (0.9% vs. 0.6%) significantly increased, compared
with the rates reported in earlier years; however, the rate
attributed to tuberculosis significantly decreased (9.3% vs.
28.4%). Among autoimmune diseases, the rates of causes
in all subcategories significantly decreased, compared with
those reported in earlier years, including those attributed
to AOSD (4.6% vs. 8.5%), systemic lupus erythematosus
(2.2% vs. 2.8%), rheumatoid arthritis (0.7% »s. 1.0%),
vasculitis (1.8% zs. 2.0%), and undifferentiated connective
tissue disease (1.0% »s5. 1.2%). Among neoplastic discases,
there were significant decreases in the rates attributed to
lung cancer (0.6% vs. 1.6%) and lymphoma (3.3% vs. 3.9%)
and a significant increase in that attributed to leukemia
(1.3% v5. 0.9%). Among other diseases, the rate attributed to
drug fever (0.9% vs. 1.8%) significantly decreased, whereas
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those attributed to (necrotizing) lymphadenitis (1.4% vs.
1.1%) and subacute thyroiditis (1.3% »s. 0.3%) significantly
increased (Table 2).

Geographical differences in the distribution of
causes of FUO in 2013-2022

Regarding the city of publication, using the Qinling-Huaihe
Line as the dividing line between North and South China,
24 case series (7 = 10,114) were conducted in North China
and 27 case series (# = 6164) in South China. The rate of
FUO attributed to infectious diseases was significantly
higher in North China (65.5% »s. 51.0%), whereas those
attributed to autoimmune (17.2% »s. 12.5%) and neoplastic
(11.0% vs. 6.4%) diseases were significantly higher in South
China (Table 3).
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Table 2: Distribution of the different disease categories in 2000-2012 and 2013-2022

Disease categories 2000-2012 (% of total) 2013-2022 (% of total) P-value
Infections 3959 51.1 9766 60.0 <0.001
Blood stream infection 372 4.8 1632 10.0 <0.001
Tuberculosis 2200 28.4 1509 9.3 <0.001
Urinary tract infection 163 2.1 717 4.4 <0.001
Infective endocarditis 116 1.5 258 1.6 0.608
HIV/AIDS 46 0.6 153 0.9 0.006
Fungal infection 108 1.4 134 0.8 <0.001
Others 954 12.3 5363 32.9 <0.001
Autoimmune causes 1704 22.0 2328 14.3 <0.001
AOSD 658 8.5 753 4.6 <0.001
SLE 217 2.8 351 2.2 0.002
Rheumatoid arthritis 77 1.0 108 0.7 0.006
Vasculitis 155 2.0 290 1.8 0.239
UCTD 93 1.2 160 1.0 0.123
Others 504 6.5 666 4.1 <0.001
Neoplastic diseases 852 11.0 1331 8.2 <0.001
Lymphoma 302 3.9 535 3.3 0.016
Leukemia 70 0.9 207 1.3 0.012
Lung cancer 124 1.6 90 0.6 <0.001
Others 356 4.6 499 3.1 <0.001
Other Diseases 542 7.0 951 5.8 <0.001
(Necrotizing) lymphadenitis 85 1.1 224 1.4 0.073
Subacute thyroiditis 23 0.3 213 1.3 <0.001
Drug fever 139 1.8 144 0.9 <0.001
Others 295 3.8 370 2.3 <0.001
Undiagnosed 689 8.9 1902 11.7 <0.001

Case series 2000-2012 had 7747 cases and that of 2013-2022 had 16,278 cases in 43 case series; Statistical significance is examined by using y>test to assess
the difference of constituent ratios in the two regions; P < 0.05 is considered statistically significant. HIV/AIDs: human immunodeficiency virus/acquired
immunodeficiency syndrome; AOSD: adult-onset Still's disease; SLE: systemic lupus erythematosus; UCTD: undifferentiated connective tissue disease.

DISCUSSION

The distribution of causes of FUO in China between
2013 and 2022 was analyzed and compared with previously
reported data. The overall pattern did not change
substantially, with infectious diseases still accounting for
most FUO cases, followed by autoimmune diseases, and
other diseases accounting for the lowest rates. However,
comparing causes of FUO by disease showed some
changes over time.

The rate of FUO attributed to infectious diseases has
increased in the last decade possibly due to the increased
incidence of cancer and the consequently increased
rate of immunosuppression, leading to increased rates

of infections. This may also be associated with recent
improvements in diagnostic procedures: fevers caused by
autoimmune and neoplastic diseases are diagnosed at earlier
stages and are no longer classified as FUO. Although the
overall proportion of FUO cases attributed to infectious
diseases increased, different infectious agents exhibited
different trends.

Compared with the rates during the period 2000-2012,
the rates attributed to tuberculosis have significantly
decreased in the last decade, possibly due to two major
reasons. First, China has implemented measures that have
decreased the annual rate of new tuberculosis infections.
Second, diagnostic techniques have substantially improved,
including interferon-gamma release assays, GeneXpert
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Table 3: Composition of cases of unexplained fever etiology by geographic region

Disease categories Northern cases (% of total) Southern cases (% of total) P-value
Infectious diseases 6625 65.5 3141 51.0 <0.001
Bloodstream infection 1125 11.1 498 8.1 <0.001
Urinary tract infection 559 5.5 158 2.6 <0.001
Infective endocarditis 146 1.4 112 1.8 0.064
Respiratory infection 1722 17.0 470 7.6 <0.001
Digestive system infection 296 2.9 147 2.4 0.039
CNS Infection 90 0.9 60 1.0 0.588
SSTls 6 0.1 13 0.2 0.006
Tuberculosis 763 7.5 746 12.1 <0.001
Brucellosis 479 4.7 32 0.5 <0.001
EBV 163 1.6 163 2.6 <0.001
CMV 67 0.7 59 1.0 0.037
RSV 13 0.1 4 0.1 0.223
HIV/AIDS 79 0.8 74 1.2 0.007
Hepatotropic virus 15 0.1 15 0.2 0.17
Mycoplasma infection 67 0.7 35 0.6 0.458
Fungal infection 68 0.7 66 1.1 0.006
Rickettsioses 29 0.3 3 0.0 <0.001
Parasite 17 0.2 26 0.4 0.002
Typhoid fever 41 0.4 34 0.6 0.182
Others 880 8.7 426 6.9 <0.001
Autoimmune causes 1265 12.5 1063 17.2 <0.001
AOSD 374 3.7 379 6.1 <0.001
SLE 193 1.9 158 2.6 0.005
Rheumatoid arthritis 59 0.6 48 0.8 0.135
Sjogren’s syndrome 53 0.5 50 0.8 0.025
HPS 57 0.6 22 0.4 0.066
Vasculitis 170 1.7 120 1.9 0.213
PMR 30 0.3 25 0.4 0.245
Polymyositis 30 0.3 26 0.4 0.186
Behcet syndrome 19 0.2 7 0.1 0.25
Ankylosing spondylitis 30 0.3 13 0.2 0.301
Polymyositis 20 0.2 15 0.2 0.542
Reactive arthritis 43 0.4 15 0.2 0.059
UCTD 69 0.7 91 1.5 <0.001
Others 118 1.2 94 1.5 0.051
Neoplastic diseases 652 6.4 679 11.0 <0.001
Leukemia 85 0.8 122 2.0 <0.001
Lymphoma 224 2.2 311 5.0 <0.001
Multiple myeloma 25 0.2 39 0.6 <0.001
MDS 14 0.1 7 0.1 0.668
Gastrointestinal cancer 108 1.1 74 1.2 0.435

(To be continued)
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(Table 3 continued.)

Lung cancer 55 0.5 35 0.6 0.841
Others 141 1.4 91 1.5 0.668
Other diseases 506 5.0 445 7.2 <0.001
(Necrotizing) lymphadenitis 141 1.4 83 1.3 0.8
Subacute thyroiditis 146 1.4 67 1.1 0.052
Hypereosinophilia 5 0.0 4 0.1 0.684
Drug fever 52 0.5 92 1.5 <0.001
Functional fever 11 0.1 13 0.2 0.099
Others 151 1.5 186 3.0 <0.001
Undiagnosed 1066 10.5 836 13.6 <0.001

There were 16,278 cases in 43 papers, including 10,114 cases in the North and 6164 cases in the South; Statistical significance is examined by using y*-test
to assess the difference of constituent ratios in the two regions; P < 0.05 is considered statistically significant. CNS: central nervous system; SSTls: skin and
soft tissue infections; EBV: Epstein-Barr virus; CMV: cytomegalovirus; RSV: respiratory syncytial virus; HIV/AIDs: human immunodeficiency virus/acquired
immunodeficiency syndrome; AODS: adult onset Still's disease; SLE: systemic lupus erythematosus; HPS: hemophagocytic syndrome; PMR: polymyalgia
rheumatica; UCTD: undifferentiated connective tissue disease; MDS: Myelodysplastic syndromes.

MTB/RIF, and high-throughput second-generation
sequencing, which have facilitated tuberculosis diagnosis
at catlier stages."”! Even with this decrease, tuberculosis
remains aleading cause of FUO primarily because atypical
mycobacterial disease and extrapulmonary tuberculosis
differ from typical tuberculosis in clinical presentation,
delaying the diagnosis.”! Moreover, the use of antibiotics
that are effective against both common bacterial infections
and tuberculosis (¢.g., fluoroquinolones) may lead to delayed
diagnosis of lung infections with an unidentifiable causative
pathogen, requiring differentiation through treatment. In
such cases, antibiotics that are effective against bacteria but
not tuberculosis (e.g., B-lactam antibiotics) should be used.
In 2021, the world health organization (WHO) declared
China the country with the second largest tuberculosis
burden worldwide. Thus, clinicians should consider
tuberculosis when encountering patients with FUO.

Our study revealed that the prevalence of HIV/AIDS
among FUO cases increased in the past decade, which
may also be related to recent improvements in testing
techniques. Both the prevalence and mortality rates of
HIV/AIDS in China have continuously increased in
recent years, consistent with our finding that the rate of
FUO attributed to HIV/AIDS has increased. The rates
of heterosexual and homosexual HIV/AIDS transmission
have respectively increased from 48.3% and 9.1% to 74.2%
and 23.3% between 2009 and 2020.'"" At the eatly stages
of HIV infection, the acute retroviral syndrome may cause
fever; however, HIV infection cannot be diagnosed using
antibody tests, so the fever may be categorized as FUO. Thus,
clinicians should be more vigilant when treating patients
in high-risk groups and pay attention to accompanying
symptoms. Eatly diagnosis can be achieved through detailed

ascertainment of medical history and clinical examination.
In patients with late-stage HIV infection, CD4" T cells
are severely depleted, and opportunistic infections by
Mycobacterium tuberculosis, cytomegalovirus, fungi, and
other pathogens are the primary causes of prolonged fever.
The pathogen type may be correlated with CD4" T cell
counts."!! Growing sex differences in HIV/AIDS deaths
in China have been reported. Between 1990 and 2008,
the HIV/AIDS mortality rate was twice as high in men
as in women. After 2008, this gap widened, and by 2016,
the mortality rate in men was almost three times that in
women." According to the National Center for AIDS/
STD Control and Prevention, and Chinese Center for
Disease Control and Prevention, the proportion of newly
reported HIV infection cases among men aged = 60 years
increased from 7.41% in 2010 to 18.21% in 2020, with
most infections occurring through heterosexual contacts.
Therefore, clinicians should be aware of HIV transmission
among men and older adults, who may not have been
screened at primary hospitals; it should not be neglected
in patients with FUO.

We also found that the proportion of FUO cases attributed
to bloodstream infections has increased recently, possibly
because an increasing number of invasive procedures
(e.g., indwelling central venous catheters, urinary catheters,
thoracic/abdominal catheters, and dialysis treatments)
have become more widespread.'>"” A study from Spain
revealed an increased frequency of bloodstream infections.
14 Other studies suggest that this increased incidence may
be associated with an increase in the number of blood
cultures performed, the continuous improvement of blood
culture techniques, or the prolonged use or improper care
of catheters."""") These invasive procedures have made
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treatment more convenient, but mitigating the associated
infections and other complications remains a concern
for future development. In FUO patients with invasive
catheter placement, diagnosis requires a focus on fever due
to bloodstream infection.

Fever is a common symptom of both hematologic
malignancies and solid tumors. The pathophysiological
mechanism may be associated with the release of
pyrogenic cytokines." The proportion of FUO cases
attributed to neoplastic diseases has significantly decreased
now compared with eatlier years, which is undoubtedly
associated with improvements in testing methods leading
to earlier diagnosis of neoplastic diseases (particulatly
solid cancers). Recently, the use of "*fludeoxyglucose-18
positron emission tomography (FDG-PET/CT) has
been particularly valuable in the diagnosis of tumors,
especially in the identification of potential tumors and
tumors in problematic locations."”?? This is consistent
with the decreased rate of FUO attributed to lung cancer
confirmed in the present study. The naproxen test may be
useful in differentiating neoplastic from non-neoplastic
fever. This was first described in 1984 when 14 of 15
patients with neoplastic fever exhibited rapid and sustained
remission after naproxen treatment, whereas five patients
with infectious fever did not, demonstrating that naproxen
treatment can prevent fever in patients with neoplasms.™!
A recent meta-analysis showed a 94.1% success rate of
neoplastic fever suppression with naproxen.”" Therefore,
naproxen can be used for adjunctive diagnosis in patients
with suspected neoplastic fever in which the tumor site
is difficult to access. Among FUO-causing diseases, the
rate of cases attributed to lymphoma has significantly
decreased now compared with earlier years, consistent
with international reports.”™ This may be due to medical
advances like *FDG-PET/CT, extranodal tissue biopsy,
and lymph node biopsy, which have increased the
lymphoma diagnosis rate.”! However, lymphoma remains
a major cause of FUO.” The pathogenesis of lymphoma
is complex, and early diagnosis before lymphoma
development (e.g., Epstein-Barr virus infection) is difficult.
Low positive rates of lymph node biopsies and limited
accuracy of pathologic diagnosis also affect the diagnosis
of lymphoma during its development. Therefore, high
rates of FUO remain attributed to lymphoma, warranting
continued clinical attention.

Drug fever is usually a diagnosis of exclusion, with a
broad differential diagnosis that includes all other causes
of fever. Drug fever lacks a specific fever pattern, making
a definitive clinical diagnosis difficult.”’*! For patients
with suspected drug fever, a detailed medical history and
a careful analysis of clinical presentation and laboratory
findings are essential, as these can help exclude other

differential diagnoses. The present study revealed a decrease
in the rate of FUO attributed to drug fever, which may
be related to increased awareness of drug fever among
clinicians and the fact that other diseases can be ruled out
at early stages due to improvements in medical technology.
Antibiotics are the most common drugs in the treatment
of infectious fevers but are also the most common cause
of drug fever, accounting for about one-third of all cases,
with B-lactams and sulfonamides being the most commonly
associated antibiotics.””! Drug fever is difficult to diagnose
in patients undergoing treatment with antibiotics for
infections. Patients with drug fever are often well enough
to not even be aware of the fever despite an elevated body
temperature that may be accompanied by progressive
leukopenia. In such cases, discontinuing or switching
antibiotics may result in defervescence.”” When antibiotic
treatment effectively causes the fever to subside, but the
fever reappears and is accompanied by a rash, the clinician
should consider drug fever. Timely discontinuation of the
causative antibiotic and early diagnosis of drug fever is
essential for preventing delayed treatment and prolonged
hospitalization. The difficulty in diagnosing drug fever is
underscored by a study finding that 15% of cases ultimately
diagnosed as drug fever met the definition of FUO.P! Drug
fever is difficult to diagnose not only because it requires the
exclusion of other differential diagnoses but also because
it is diagnosed retrospectively after drug discontinuation.

The overall rate of FUO attributed to autoimmune diseases
has decreased, which may be related to the continuous
improvements in diagnostic techniques and criteria
enabling eatlier diagnoses.”? AOSD is a very rare disease,
and current research has focused on its diagnosis and
differential diagnosis. Changes in AOSD incidence have
not been reported,” and AOSD remains a major cause of
FUO. Due to the lack of specific symptoms and ancillary
tests, AOSD remains a diagnosis of exclusion, greatly
increasing the diagnostic difficulty.” Fever is a common
symptom of AOSD, and the rate of FUO attributed to
AOSD has decreased in recent years. This is consistent
with advances in medical testing, which have allowed many
cases that would previously have been categorized as FUO
to be definitively diagnosed as diseases other than AOSD.
Several reports have shown that patients initially diagnosed
with AOSD were diagnosed with other diseases (e.g.,
leprosy, Mycoplasma pneumonia) through skin biopsies or
serological and other tests.”*% Early disease recognition
and initiation of treatment are essential in AOSD, which
may cause multiple organ dysfunction. A French systematic
review suggested that the average time from fever to
treatment in patients with AOSD is 3 weeks, and treatment
delays could be fatal.?” Therefore, patients with suspected
AOSD should be actively screened for other diseases for
carly diagnosis and treatment to improve outcomes.
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The present study also compared the distributions of
causes of FUO between North and South China. The
rate of FUO attributed to infectious diseases, especially
respiratory infections, was higher in North China, whereas
the rate of FUO attributed to autoimmune diseases was
higher in South China, possibly due to climatic differences.
Winter in North China is dry and cold, whereas South
China is more humid and lacks centralized municipal
heating facilities in winter.? The rate of FUO attributed
to brucellosis was significantly higher in North China
than in South China. This corresponds to the spatial
clustering of brucellosis in China and may be related to the
animal husbandry industry primarily located in the north.
Therefore, regional differences should be considered when
assessing FUO.

The present study has some limitations. Although case
series enrolling only children were excluded, case series that
included children were considered in this study, which may
have affected the rate of FUO in the overall population.
Stratified analyses of age groups were impossible because
the case series only had specified age ranges.

In conclusion, the top three causes of FUO in China
in the past 10 years were infectious, autoimmune, and
neoplastic diseases. Overall, the rate attributed to infectious
diseases has increased, but that attributed to tuberculosis
has significantly decreased. The rates attributed to both
autoimmune and neoplastic diseases have decreased, but
AOSD and lymphoma warrant continued attention. The
range of diseases associated with FUO varies geographically,
and individualized analyses that incorporate major local
causes can help clinicians improve the diagnostic rates of
causes of FUO.

Acknowledgements

We would like to thank Editage (www.editage.cn) for
English language editing;

Author Contributions
Zheng R designed the study. Kang SH collected and

analyzed the data and wrote the manuscript. Both authors
approved the final version of the manuscript.

Source of Funding

The study was supported by grants from the 345 Talent
Project of Shengjing Hospital Affiliated to China Medical
University.

Informed Consent

Not applicable.

Ethical Approval

The conducted research is not related to either human or
animal use.

Conflict of Interest

The authors declare that they have no competing interests.

Data Availability Statement

No additional data.

REFERENCES

1. Petersdorf RG, Beeson PB. Fever of unexplained origin: report on 100
cases. Medicine 1961;40:1-30.

2. Durack DT, Street AC. Fever of unknown origin-reexamined and rede-
fined. Curr Clin Top Infect Dis 1991;11:35-51.

3. Haidar G, Singh N. Fever of unknown origin. N Engl ] Med 2022;386:463-
477.

4. Fusco FM, Pisapia R, Nardiello S, Cicala SD, Gaeta GB, Brancaccio
G. Fever of unknown origin (FUO): which are the factors influencing
the final diagnosis? A 2005-2015 systematic review. BMC Infect Dis
2019;19:653.

5. TanXY, He QY. Chinese literature review of etiology distribution of adult
patients with fever of unknown origin from 1979 to 2012. Zhonghua Nei
Ke Za Zhi 2013;52:1013-1017.

6. Dong Z, Wang QQ, Yu SC, Huang F, Liu J], Yao HY, et al. Age-period-
cohort analysis of pulmonary tuberculosis reported incidence, China,
2006-2020. Infect Dis Poverty 2022;11:85.

7. Huang F, van den Hof S, Qu Y, Li Y, Zhang H, Wang L, et al. Added
value of comprehensive program to provide universal access to care for
sputum smear-negative drug-resistant tuberculosis, China. Emerg Infect
Dis 2019;25:1289-1296.

8.  WuX, Liang R, Xiao Y, Liu H, Zhang Y, Jiang Y, et al. Application of
targeted next generation sequencing technology in the diagnosis of
Mycobacterium Tuberculosis and first line drugs resistance directly from
cell-free DNA of bronchoalveolar lavage fluid. ] Infect 2023;86:399-401.

9. Kim JH, Kim ES, Jun KI, Jung HG, Bang JH, Choe PG, et al. Delayed
diagnosis of extrapulmonary tuberculosis presenting as fever of unknown
origin in an intermediate-burden country. BMC Infect Dis 2018;18:426.

10. Gao D, Zou Z, Dong B, Zhang W, Chen T, Cui W, et al. Secular trends
in HIV/AIDS mortality in China from 1990 to 2016: gender disparities.
PLOS One 2019;14:e0219689.

11.  Nguyen TK, Nguyen YH, Nguyen HT, Khong QM, Tran NK. Etiologies
of fever of unknown origin in HIV/AIDS patients, Hanoi, Vietnam. BMC
Infect Dis 2022;22:61.

12.  Wetmore JB, Li S, Molony JT, Guo H, Herzog CA, Gilbertson DT, et al.
Insights from the 2016 Peer Kidney Care Initiative report: still a ways to
go to improve care for dialysis patients. Am J Kidney Dis 2018;71:123-
132.

13.  Wang S, Zhang R, Wan C, Qin J, Hu X, Shen Y, et al. Incidence of
complications from indwelling pleural catheter for pleural effusion: a
meta-analysis. Clin Transl Sci 2023;16:104-117.

14. Garcia-Rodriguez JE, Marifio-Callejo A. The factors associated with the
trend in incidence of bacteraemia and associated mortality over 30 years.
BMC Infect Dis 2023;23:69.

15. Sggaard M, Ngrgaard M, Dethlefsen C, Schgnheyder HC. Temporal
changes in the incidence and 30-Day mortality associated with bactere-
mia in hospitalized patients from 1992 through 2006: a population-based

306 JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / MAY-JUN 2024 / VOL 12 | ISSUE 3



Kang et al.: Causes of fever of unknown origin in China

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

cohort study. Clin Infect Dis 2011;52:61-69.

Kontula KSK, Skogberg K, Ollgren J, Jarvinen A, Lyytikdinen O. Pop-
ulation-based study of bloodstream infection incidence and mortality
rates, Finland, 2004-2018. Emerg Infect Dis 2021;27:2560-2569.
Wilson J, Elgohari S, Livermore DM, Cookson B, Johnson A, Lamagni
T, et al. Trends among pathogens reported as causing bacteraemia in
England, 2004-2008. Clin Microbiol Infec 2011;17:451-458.

Foggo V, Cavenagh J. Malignant causes of fever of unknown origin. Clin
Med 2015;15:292-294.

Sioka C, Assimakopoulos A, Fotopoulos A. The diagnostic role of '*F
fluorodeoxyglucose positron emission tomography in patients with fever
of unknown origin. Eur J Clin Invest 2015;45:601-608.

Hung BT, Wang PW, Su Y], Huang WC, Chang YH, Huang SH, et al. The
efficacy of "®F-FDG PET/CT and “’Ga SPECT/CT in diagnosing fever of
unknown origin. Int J Infect Dis 2017;62:10-17.

Gafter-Gvili A, Raibman S, Grossman A, Avni T, Paul M, Leibovici L, et
al. ""FDG-PET/CT for the diagnosis of patients with fever of unknown
origin. QJM 2015;108:289-298.

Hadjadj J, Nielly H, Piekarski E, Cuccuini W, Deau-Fischer B, Hourseau
M, et al. Uterine intravascular lymphoma as a cause of fever of unknown
origin. Ann Hematol 2017;96:1891-1896.

Chang JC, Gross HM. Utility of naproxen in the differential diagnosis
of fever of undetermined origin in patients with cancer. Am ] Med
1984;76:597-603.

Zhang H, Wu Y, Lin Z, Zhong X, Liu T, Huang Z, et al. Naproxen for the
treatment of neoplastic fever: a PRISMA-compliant systematic review
and meta-analysis. Medicine (Baltimore) 2019;98:e15840.

Loizidou A, Aoun M, Klastersky J. Fever of unknown origin in cancer
patients. Crit Rev Oncol Hematol 2016;101:125-130.

Cunha BA. Fever of unknown origin: focused diagnostic approach based
on clinical clues from the history, physical examination, and laboratory
tests. Infect Dis Clin North Am 2007;21:1137-1187.

Mackowiak PA. The febrile patient: diagnostic, prognostic and therapeutic
considerations. Front Biosci 2004;9:2297-2301.

Patel RA, Gallagher JC. Drug Fever. Pharmacotherapy 2010;30:57-69.

29.  Mackowiak PA. Drug fever: mechanisms, maxims and misconceptions.
Am ] Med Sci 1987;294:275-286.

30. Labbus K, Junkmann JK, Perka C, Trampuz A, Renz N. Antibiotic-
induced fever in orthopaedic patients-a diagnostic challenge. Int Orthop
2018;42:1775-1781.

31. Vodovar D, LeBeller C, Mégarbane B, Lillo-Le-Louet A, Hanslik T. Drug
fever: a descriptive cohort study from the French national pharmacovigi-
lance database. Drug Saf 2012;35:759-767.

32. TaoJJ, Hiraki LT, Levy DM, Silverman ED. Comparison of sensitivities
of American college of rheumatology and systemic lupus international
collaborating clinics classification criteria in childhood-onset systemic
lupus erythematosus. ] Rheumatol 2019;46:731-738.

33.  Qin A, SunJ, Gao C, Li C. Bibliometrics analysis on the research status
and trends of adult-onset Still's disease: 1921-2021. Front Immunol
2022;13:950641.

34. Pouchot J, Sampalis JS, Beaudet F, Carette S, Décary F, Salusinsky-
Sternbach M, et al. Adult Still's disease: manifestations, disease course,
and outcome in 62 patients. Medicine (Baltimore) 1991;70:118-136.

35.  RajKCS, Geetika KC, Gyawali P, Singh M, Sijapati MJ. Leprosy-eliminated
and forgotten: a case report. ] Med Case Rep 2019;13:276.

36. Dua J, Nandagudi A, Sutcliffe N. Mycoplasma pneumoniae infection
associated with urticarial vasculitis mimicking adult-onset Still’s disease.
Rheumatol Int 2012;32:4053-4056.

37. Néel A, Wahbi A, Tessoulin B, Boileau J, Carpentier D, Decaux O, et
al. Diagnostic and management of life-threatening Adult-Onset Still
Disease: a French nationwide multicenter study and systematic literature
review. Crit Care 2018;22:88.

38. Sun QH, Sun Y, Yan ML, Cao J, Li TT. The North-South difference of
the relationship between cold spells and mortality risk of cardiovascular
diseases in China. Zhonghua Yu Fang Yi Xue Za Zhi 2022;56:1435-1440.

How to cite this article: Kang S, Zheng R. Distribution of the causes
of fever of unknown origin in China, 2013-2022. J Transl| Intern Med
2024; 12: 299-307.

JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / MAY-JUN 2024 / VOL 12 | ISSUE 3 307



