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ABSTRACT
Objective  To date, there is no standard diagnostic 
practice to identify the underlying disease-causing 
mechanism for paediatric patients suffering from chronic 
fever without any specific diagnosis, which is one of the 
leading causes of death in paediatric patients. Therefore, 
we aimed this retrospective study to analyse medical 
records of paediatric patients with fever of unknown 
origin (FUO) to provide a preliminary basis for improving 
the diagnostic categories and facilitate the treatment 
outcomes.
Design  A retrospective study.
Setting  Beijing Children’s Hospital.
Participants  Clinical data were collected from 1288 
children between 1 month and 18 years of age diagnosed 
with FUO at Beijing Children’s Hospital between January 
2010 and December 2017.
Interventions  According to the aetiological composition, 
age, duration of fever and laboratory examination results, 
the diagnostic strategies were analysed and formulated.
Primary and secondary outcome measures  The 
statistical analyses were carried out using SPSS V.24.0 
platform along with the χ2 test and analysis of variance 
(p<0.05).
Results  The duration of fever ranged from 2 weeks to 
2 years, with an average of 6 weeks. There were 656 
cases (50.9%) of infectious diseases, 63 cases (4.9%) of 
non-infectious inflammatory diseases (NIIDs), 86 cases 
(6.7%) of neoplastic diseases, 343 cases (26.6%) caused 
by miscellaneous diseases and 140 cases (10.9%) were 
undiagnosed. With increasing age, the proportion of FUO 
from infectious diseases gradually decreased from 73.53% 
to 44.21%. NIID was more common in children over 3 
years old, and neoplastic diseases mainly occurred from 
1 to 6 years of age. Among miscellaneous diseases, the 
age distribution was mainly in school-aged children over 
6 years. Respiratory tract infection was the most common 
cause of FUO in children, followed by bloodstream 
infections. Bacterial infection was the most common cause 
in children with less than 1 year old, while the virus was 
the main pathogen in children over 1 year old.
Conclusions  The diagnosis of neoplastic diseases and 
miscellaneous diseases-related diseases still depends 
mainly on invasive examination. According to our clinical 
experience, the diagnostic process was formulated based 
on fever duration and the type of disease. This process 
can provide a guide for the diagnosis and treatment of 
paediatric FUO in the future.

INTRODUCTION
Fever is a common symptomatic manifes-
tation of a number of underlying diseases, 
including infections as well as a variety of 
inflammatory, neoplastic and rheumatolog-
ical conditions.1 Usually fever due to viral 
infections is frequent in children without an 
apparent cause.2 Blood and nasopharyngeal 
secretion examinations often can be helpful 
in identifying the responsible virus. This kind 
of fever does not require any long-term treat-
ment and disappears on its own without any 
sequelae. Hyperpyrexia, indicative of bacte-
rial infection, can also be diagnosed quickly 
by checking the patient’s medical history, 
physical examination and basic laboratory 
tests.3–5 However, some children suffer from 
long-term fevers with temperature higher 
than 38.3°C that last for months or even years 
without any clear diagnosis. Such fevers are 
termed ‘fever of unknown origin’ (FUO).

To date, there are no standard diagnostic 
criteria for FUO. The classic definition of 

Strengths and limitations of this study

	► This study summarises the clinical data from a large 
cohort of 1288 children diagnosed with fever of 
unknown origin (FUO) between 2010 and 2017 in 
Beijing Children’s Hospital and discusses the aeti-
ology distribution, clinical characteristics and diag-
nostic strategies of paediatric FUO.

	► Our study found that infectious diseases still ranked 
first (50.90%) based on aetiology distribution in 
each year from 2010 to 2017, which was consistent 
with published reports.

	► Based on this study, a practical stepwise approach 
to FUO diagnosis was constructed and could be very 
helpful in the clinical assessment of FUO.

	► A limitation of the study is its retrospective nature, 
meaning some data were missing.

	► Furthermore, because of the large sample size, 
we could collect follow-up data on patients’ health 
and whether there was any recurrent fever in those 
patients.
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FUO was summarised by reviewing the case reports 
of 100 paediatric patients by Petersdorf and Beeson in 
1961.6 Diagnostic criteria included periodic fever, a fever 
duration of more than 3 weeks and a weekly hospitalisa-
tion.7 Most of these patients exhibited intermittent self-
limited viral infection without any definitive diagnosis.7 
Subsequently, Durack and Street augmented the classifi-
cation for special populations, such as immunodeficient 
patients.8 In recent studies, the definition of FUO in chil-
dren often refers to unexplained fevers that last more 
than 1 or 2 weeks.9–11

Currently in China, the diagnostic criteria for paedi-
atric FUO are derived from classic paediatric professional 
books: the eighth edition of Zhu Futang Practice of Pediat-
rics edited by Jiang Zaifang, Shen Kunling and Shen Ying, 
as an unexplained fever ≥2 weeks and a body temperature 
of >37.5℃. So, at present, FUO in Chinese children can 
be diagnosed according to this standard. Although Zhu 
Futang’s guidelines for FUO suggest to consider tempera-
ture, even varying, but maintaining at >37.5°C for more 
than 2 weeks, in order to avoid missing out those patients 
who might not show as high as 38.3°C body temperature 
all the time, but might have other diagnostic indications 
with body temperature >37.5°C for FUO. We followed the 
criteria for febrile body temperature of ≥38.3°C either 
occasionally or persistently for more than 2 weeks to main-
tain the study in agreement with the previous reports.12 
The aetiology of FUO in children mainly includes infec-
tious diseases, non-infectious inflammatory diseases 
(NIIDs), neoplastic diseases, miscellaneous diseases and 
undiagnosed diseases.13 14 It has been shown that infec-
tious diseases account for 23%, rheumatic diseases 58%, 
neoplastic diseases 8% and other diseases for 15%. Among 
the infectious diseases, viral infection, non-tuberculous 
mycobacterial infection and cat scratch disease occupy 
the top three. In a Japanese study of 256 cases, it has been 
shown that among the infectious diseases, HIV/AIDS and 
tuberculosis (TB) were the main causes, and the final 
diagnosis accounted for the first place, exceeding 20%.15 
While in some cases, rare pathogen-induced diseases, 
such as Q fever, are also one of the causes of FUO in chil-
dren.16 In rheumatic diseases, juvenile idiopathic arthritis 
(JIA), polyarteritis, inflammatory bowel disease and 
systemic lupus erythematosus (SLE) are more common. 
In the other diseases group, histocytic necrotising lymph-
adenitis (HNL) and haematopoietic syndrome (HLH) 
are the top two.12 However, in case of FUO in adults, the 
most common causes account for quite a different disease 
phenotype, where infectious disease account for only 
17% of cases and adult Still’s disease is the most common 
one.17 In this context, it is worth mentioning that 30 years 
ago, infectious diseases occupied the first place in the 
distribution of causes in FUO. However, with the change 
of time, there was a significant change in the distribution 
of causes.18 Interestingly, the proportion of infectious 
diseases in the aetiological distribution of FUO gradually 
decreases, while the proportion of undiagnosed diseases 
is on the rise.19

Due to the recent advances in diagnostic technology 
and the increase in global mixing of population with 
respect to geographical region and ethnicity, the cate-
gorical distribution of diagnoses of FUO in paediatric 
patients has significantly shifted compared with the 
previously published reports.20 Notably, the proportions 
of FUO caused by infectious diseases have gradually 
decreased, while the proportion of FUO due to rheumatic 
diseases, malignant tumours and miscellaneous diseases 
has gradually increased. Because of the quite complex 
and indefinite aetiopathology, diagnostic identification 
of FUO has remain challenging. In this context, develop-
ment of fluorine-18 fluorodeoxyglucose-based positron 
emission tomography (FDG-PET) and in combination 
with CT (FDG-PET/CT) has been serving not only as a 
valuable imaging technique to stratify different types of 
FUO21–23 but also to monitor the treatment of infectious 
and inflammation-associated FUO that cannot reliably 
be diagnosed by conventional approaches.24 25 This diag-
nostic method has been proven to be effective in case of 
adult onset giant-cell arteritis in association with FUO.26

So far, there are few studies on children’s FUO, and 
most of the reported studies suffer from the limitation 
of statistically small sample sizes (49–290 cases), which 
render them less reliable for drawing any definite 
conclusion.11 27 28As far as we know, there has not been a 
large-scale systematic analysis of children’s FUO causes, 
aetiology and clinical characteristics in the last 20 years.

In order to fully understand the changes in the cause, 
aetiology and clinical characteristics of FUOs in children 
in recent years, we aimed to analyse the medical records 
of a large cohort of 1288 patients admitted to Beijing 
Children’s Hospital between January 2010 and December 
2017 who met the diagnostic criteria for FUO in children. 
The clinical data were discussed regarding the cause, 
aetiology, clinical characteristics and diagnosis for estab-
lishing effective strategies to improve the early diagnosis 
rate of paediatric FUO.

METHODS
Selection criteria
This retrospective study analysed the medical records 
of children aged between 1 month and 18 years old 
admitted with a body temperature of >37.5°C for ≥2 weeks 
without an apparent source after preliminary investiga-
tions at Beijing Children’s Hospital from January 2010 to 
December 2017. Children who met the diagnostic criteria 
of fever according to ‘Zhu Futang Practice of Pediatrics’ 
were only included in this study. In all of these cases, 
inclusion of the study subjects closely followed the FUO 
definition and diagnosis guidelines proposed by Durack 
and Street.8

Diseases group
All the included cases were divided into five groups:in-
fectious diseases, non-infectious inflammatory diseases, 
neoplastic diseases, miscellaneous diseases and 
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undiagnosed diseases. All timelines summarised were 
based on the hospital discharge as the endpoint. Infec-
tious diseases include respiratory infection, bloodstream 
infection, lymphadenitis, central nervous system (CNS) 
infections, urinary tract infections (UTI) and abdominal 
cavity infections. Non-infectious inflammatory diseases 
consisted of JIA, SLE, vasculitis, Behcet’s disease and so 
on. Haematological and neoplastic diseases included 
various leukaemias, lymphomas, solid tumours, Lang-
erhans cell histiocytosis (LCH) and haematopoietic 
syndrome. Miscellaneous diseases included histiocytic 
necrotising lymphadenitis and pseudo-fever.

Disease diagnosis
The paediatric FUO diagnostic strategy was formulated 
by the FUO Research Group of the Infectious Diseases 
Department by comprehensively analysing domestic and 
foreign research reports and combining the results of the 
examinations and the diagnosed medical conditions.

The standard diagnosis of respiratory tract infections, 
including upper and lower respiratory tract infections, was 
performed based on the clinical characteristics of symptoms, 
combined with lung imaging, but no other infection sites 
were examined at that time. For bloodstream infections, 
positive pathogenic bacteria obtained from blood culture 
were used as diagnostic criteria. Aetiology diagnosis was 
based on whether there were infectious lesions, or the infec-
tious pathogens were confirmed by laboratory inspection 

(serology, blood culture, blood smear, PCR, next-generation 
sequencing, etc).

Bacterial infection samples were obtained through the 
lesion site, body fluids, etc. Group A Streptococcus infections 
were all indicated by positive blood culture. In others, the 
diagnosis was based on the progressive increase in antistrep-
tolysin O (ASO) titres. For Streptococcus angina-mediated 
suppurative pericarditis, the diagnosis was based on the posi-
tive culture of pericardiocentesis. Streptococcus sanguis infec-
tion was diagnosed for infective endocarditis by a positive 
blood culture test. Suppurative thyroiditis was confirmed by 
a positive pus puncture culture.

Mycoplasma infection was based on the blood mycoplasma 
antibody titres of ≥1:160. Brucella infection was confirmed by 
Brucella microagglutination test along with positive blood 
and bone marrow culture. The positive rate of TB infection 
was low. In addition to the positive antacid staining of the 
TB, a purified protein derivative (PPD) test, T-spot and chest 
imaging were performed for the identification of Mycobacte-
rium tuberculosis infection.

For identification of viral infectious agents like Epstein-
Barr virus (EBV), the diagnosis was performed by measuring 
viral DNA load, plus serological EBV antibodies to determine 
infection status, including previous infection, primary infec-
tion and reactivation of infections. Cytomegalovirus (CMV) 
infection diagnosis was performed by determining the titres 
of serological IgM and IgG antibodies, as well as viral DNA 
loads. Viral-PCR quantitative detection was used to diagnose 
human herpesvirus (HHV) types 6, 7 and 8 combined with 
the clinical manifestations of the child. In case of fungal 
infections, the diagnosis method was mainly based on the 
fungal culture. Cryptococcus infections were diagnosed based 
on the ink staining and bacterial antigen detection.

Imaging analysis
Once the patient undergoes initial rounds of checking 
up medical history, physical examinations and laboratory 
results, the imaging examinations can provide comple-
mentary results to conclude the diagnosis, because in most 
cases the goal of the examinations is to find the potentially 
diagnostic clues. Although in case of infectious and focal 
inflammatory processes can be detected by radiological 

Table 1  Diseases and age distribution of 1288 cases of 
FUO

Diseases Cases, n (%)
Ages (mean±SD, 
years)

Infectious diseases 656 (50.9%) 6.4±4.8

Non-infectious 
inflammatory diseases

63 (4.9%) 8.7±3.8

Neoplastic diseases 86 (6.7%) 4.0±3.6

Miscellaneous diseases 343 (26.6%) 9.2±3.9

Undiagnosed diseases 140 (10.9%) 6.9±4.6

FUO, fever of unknown origin.

Figure 1  The distribution of aetiology in 1288 children with fever of unknown origin in different years.
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examinations, such as abdominal ultrasound, MRI and CT 
scan. But the identification of the lesions may not be possible 
through these techniques, especially in case of FUO where 
there are no definitive diagnostic criteria. While FDG-PET 
scanning serves as the improved imaging method, since the 
FDG uptake relies on the rate of glycolysis in the targeted 
cell types. Moreover, it has higher resolution and sensitivity 
even in detecting chronic low-grade inflammations/infec-
tions, compared with conventional radiolabelling methods 
involving Gallium 67-citrate, which poses higher radiation 
burden due to longer half-life of the injected probe.29

Statistical analysis
All experimental data were expressed as mean±SD. SPSS 
V.24.0 software was used for statistical analysis. Data were 
analysed by the χ2 test or analysis of variance test. A p<0.05 
was considered statistically significant.

Routine blood testing included a statistical analysis of 
white cell (WC) count, C-reactive protein (CRP), dynamic 
erythrocyte sedimentation rate (ESR) and procalcitonin 
(PCT). Youden Index was used to analyse the sensitivity and 
specificity of the disease diagnosis.

RESULTS
Patient characteristics
From January 2010 to December 2017, a total of 
3184 children were admitted to our hospital as ‘fever 
pending’, of which 1288 patients met the inclusion 

criteria. There were 786 males (61.0%) and 502 females 
(38.9%). Ages ranged from 1 month to 18 years old, 
with an average age of 7±4.1 years. The range of fever 
duration was 2 weeks to 2 years, with an average dura-
tion of 6 weeks.

Aetiology distribution
All children with FUO were divided into five groups 
based on their initial diagnostic outcomes: infectious 
disease, NIID, neoplastic disease, miscellaneous diseases 
and undiagnosed disease. The number of cases and 
the average age of children in each group are shown in 
table 1. We found that infectious disease (50.9%) was the 
leading cause of FUO, followed by miscellaneous diseases 
(26.6%), neoplastic disease (6.7%), NIID (4.9%) and 
undiagnosed disease (10.9%).

Figure 1 shows that between 2010 and 2017, the aeti-
ology distribution was different; however, infectious 
diseases held the rank 1 in all years. Interestingly, we could 
see the increasing contribution of miscellaneous diseases 
towards recent years along with the rising number of 
patients with undiagnosed fever (figure 1). Furthermore, 
interaction study between patient age and plausible cause 
of FUO showed that the younger the children, the higher 
was the contribution of infectious diseases (table 2). FUO 
due to haematological diseases mainly occurred in chil-
dren under 6 years of age. The contributions of NIID and 
undiagnosed disease were comparable among different 

Table 2  Disease distribution of children with FUO at different ages

Age (years)

Diseases, n (%)

Infectious 
diseases

Non-infectious 
inflammatory diseases

Neoplastic 
diseases

Miscellaneous 
diseases Undiagnosed Total

<1 125 (73.53) 2 (1.18) 12 (7.06) 15 (8.82) 16 (9.41) 170 (100%)

1–3 114 (57.87) 5 (2.54) 35 (17.77) 23 (11.68) 20 (10.15) 197 (100%)

3–6 76 (47.50) 11 (6.88) 18 (11.25) 24 (15.00) 31 (19.38) 160 (100%)

6–12 239 (45.06) 33 (6.27) 16 (3.04) 192 (36.50) 48 (9.13) 528 (100%)

>12 103 (44.21) 14 (6.01) 5 (2.15) 86 (36.91) 25 (10.73) 233 (100%)

The total 657 65 86 340 140 1288

χ2, p<0.05
FUO, fever of unknown origin.

Table 3  Comparison of the fever time from different diseases

Diseases

Cases, n (%)

<4 weeks 4–8 weeks >8 weeks

Infectious diseases 248 (37.80) 251 (38.26) 157 (23.93)

Non-infectious inflammatory diseases 7 (11.11) 30 (47.62) 26 (41.27)

Neoplastic diseases 16 (18.60) 42 (48.84) 28 (32.56)

Miscellaneous diseases 101 (29.45) 158 (46.06) 84 (24.49)

Undiagnosed 21 (15.00) 58 (41.43) 61 (43.57)

χ2, p<0.05
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age groups. Miscellaneous disorders were scattered in 
children over 6 years of age (table 2).

We next compared the duration of unknown fever 
suspected to develop from different diagnosed aetiolo-
gies (table 3). There were significant differences in the 
fever duration of different aetiologies. The fever duration 
with the infectious disease was under 8 weeks (76.06%). 
There was significant number of patients with NIID 
(88.89%), neoplastic disease (81.40%), miscellaneous 
diseases (70.55%) and undiagnosed diseases (85.00%) 
whose fever lasted longer than 4 weeks. Table 3 shows the 
breakdown of number of patients who had fever duration 
4–8 weeks and more than 8 weeks. Taken together, these 
results suggest that although infectious disease may be 
the leading cause of paediatric FUO, but, FUO due to 
undiagnosed diseases has the most the severe effect on 
the patients with long lasting fever.

Pathogen distribution
Next, we compared the children’s age group and the most 
predominant pathogen causing FUO in that age group 
(table 4). We found that bacterial infection (61.7%) was 
predominant in children of less than 1 year of age and 
gradually decreased with age. The contribution of viral 
infection-induced FUO was highest between 1 and 6 years 
of age (~50%), and slightly reduced with age (~46%). 
Interestingly, TB infection was significantly high at ≥6 year 

of age. And mycoplasma infection was more common in 
children from 3 (pre-school) to 12 years (school) of age.

Viral infection was the most common pathogen in infec-
tious diseases, with a total of 203 cases (30.95%) including 
all age groups. Among them, there were 163 children 
(80.30%) with confirmed viral pathogens. The primary 
EBV infection with reactivation was the most common 
in 132 cases (80.98%). The second highest EBV-related 
disease was haemophagocytic lymphohistiocytosis (EBV-
HLH) in 18 cases (11.04%) followed by chronic active 
EBV in 13 patients (7.98%) in this cohort. There were 
only seven cases (5.30%) of typical EBV infectious mono-
nucleosis, while other EBV infections showed common 
clinical manifestations. CMV infection accounted for 
18 cases (10.80%), and human herpesvirus type 6 and 
7 infections were found in 7 cases (4.20%). There were 
seven cases with mixed infections (4.20%), including two 
cases of EBV+CMV and five cases of EBV+HHV type 6 or 
7. Other viral infections included parvovirus B19 infec-
tion in 2 cases (1.20%). At different ages, the proportion 
of viral infections was also different. CMV infection was 
mainly in infants <1 year of age, while EBV was primarily 
found in children 6–12 years of age (figure 2).

A total of 57 cases of bacterial infection (except tuber-
culosis) were identified. The detailed pathogen distribu-
tion is shown in figure 3. The leading one was Streptococcus 

Table 4  Distribution of pathogens in children with FUO at different ages

Ages (years)

Pathogens, n (%)

Virus Bacteria Tuberculosis Mycoplasma The total

＜1 29 (30.85) 58 (61.7) 6 (6.39） 1 (1.06) 94

1–3 43 (50.59) 38 (44.71) 2 (2.35) 2 (2.35) 85

3–6 26 (50.00) 19 (36.54) 1 (1.92) 6 (11.54) 52

6–12 74 (45.68) 43 (26.54) 25 (15.43) 20 (12.35) 162

＞12 31 (46.97) 16 (24.24) 16 (24.24) 3 (4.55) 66

χ2, p<0.05
FUO, fever of unknown origin.

Figure 2  Viral composition in children with fever of unknown origin at different ages. CMV, cytomegalovirus; EBV, Epstein-Barr 
virus.
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sp, mainly Group A haemolytic streptococcus, with a total 
of 15 cases (26.30%). Streptococcal TSS and skin and soft 
tissue infections had the highest prevalence (13.30%) 
in two patients each. Septicaemia was detected in one 
patient (6.67%), while major proportion of the patients 
(40%) exhibited other streptococcal infections. Other 
streptococcal bacteria found in this cohort of patients, 
included Streptococcus anginosus, Streptococcus sanguis, Strep-
tococcus mitis and Streptococcus constellatus affecting one 
patient (6.67%) in each of the cases. Among other bacte-
rial pathogens, Brucella counted as the second highest, 
with 11 cases (19.30%). Brucella infection was clinically 

characterised by recurrent fever, and a small number of 
children showed recurrent fevers, along with joint involve-
ment and sweating as the main manifestations. In six 
cases (10.53%), patients were infected with Staphylococcus 

Table 6  Miscellaneous diseases

Diseases Case (n, %)

Histocytic necrotising lymphadenitis 217 (63.27%)

Pseudo FUO 55 (16.03)

Intracranial demyelinating disease 15 (4.37%)

Kawasaki disease 9 (2.62%)

Drug fever 7 (2.04%)

Summer fever and disorders of 
temperature regulation

7 (2.04%)

Ectodermal dysplasia 5 (1.46%)

Inflammatory bowel disease 3 (0.87%)

Viral infection-related proliferative 
diseases

3 (0.87%)

Infection-associated vasculitis 3 (0.87%)

Optic neuromyelitis 2 (0.58%)

Periodic fever 2 (0.58%)

Autoinflammatory disease 2 (0.58%)

Diabetes insipidus 1 (0.29%)

Other 12 (3.5%)

FUO, fever of unknown origin.

Figure 3  Composition of bacterial infection in children with fever of unknown origin.

Table 5  Distribution of 375 FUO with identified different 
lesion infections

Lesion location Cases (n) Rate (%)

Respiratory tract 209 55.7

Bloodstream infection 51 13.6

Lymphadenitis 41 10.9

Coeliac infection 24 6.4

Central nervous system infection 23 6.1

Urinary system infection 18 4.8

Septic arthritis 4 1.0

Infective endocarditis 2 1.0

Osteomyelitis 3 1.0

FUO, fever of unknown origin.
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aureus leading to suppurative lymphadenitis (50.00%). 
The main pathogen of UTI was Escherichia coli, followed 
by Enterococcus faecium and Enterococcus faecalis.

In addition, mycoplasma was one of the main pathogens 
causing FUO, with a total of 32 cases (4.88%) (table 4). 
The diagnosis was based on a mycoplasma antibody test 
of ≥1:160. Among them, 24 cases (75.00%) caused respi-
ratory tract infection, 3 cases (9.40%) CNS infection 
and 5 cases (15.60%) mixed infection. The occurrence 
of Mycobacterium tuberculosis infection was detected in 
50 patients. TB infection was the most common among 
them, affecting 34 patients (68%). In five cases, patients 
were diagnosed with lymph node TB (10%). Primary 
complex and tuberculous meningitis were detected in 
three cases (6%) each. Pulmonary TB was diagnosed in 
two patients (4%), and one patient in each was found with 
symptoms for TB of intestines, urinary TB and systemic 
disseminated TB. Three patients were considered to have 
a possible primary immunodeficiency disease, of which 
one was diagnosed with chronic granulomatous disease.

Among other rare pathogenic fungal infections, seven 
cases were Cryptococcus neoformans (63.60%) and two cases 
were Candida albicans (18.20%). Additionally, four cases 
(57.10%) of a new type of cryptococcal infections mani-
fested as systemic disseminated cryptococcosis (age 2–4 
years). Among them, one case involved an 11-year-old boy 
with a new type of cryptococcal meningitis. At the early 
stage, he had a recurrent fever and joint pain, which was 
considered connective tissue diseases(CTDS) in early 
diagnosis, but at the later stage, he developed headache 
symptoms. Cerebrospinal fluid (CSF) ink staining and 
the presence of cryptococcal antigens suggested that the 
infection was due to a new type of cryptococcal meningitis. 
Other rare pathogens included three cases of black fever 
caused by Leishmania spp. The disease mainly manifests 
as fever, hepatosplenomegaly and changes in the blood 
system, which meets the clinical criteria for haemophago-
cytic syndrome. In addition, one case was infected with 
H. barbadensis and three cases were infected with Babesia 
spp.

Clinical characteristics
Infectious diseases
There were 375 cases identified with infectious lesions, 
as shown in table 5. Respiratory infections were the most 
common and accounted for 55.70%, while the second 
most common bloodstream infections accounted for 
13.60%. Abdominal abscesses were the most common 
in abdominal infections with 23 cases (95.80%), 
including spleen abscesses (74.00%), liver abscesses 
in 2 cases (8.70%), multiple abdominal abscesses in 2 
cases (8.70%), iliopsoas abscess in 1 case (4.30%) and 
appendix abscess with 1 case (4.30%). Additionally, 18 
cases (4.80%) of UTI were diagnosed, of which 14 cases 
(77.78%) were in infants of less than 3 years age, 12 cases 
were female (66.67%), 6 cases had basic urinary system 
diseases (33.33%), including bladder ureter regurgita-
tion in 5 cases (83.33%) and 1 case (16.67%) occurred Ta
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after hypospadias. Please see table 8 for all other minor 
forms of infections.

Non-infectious inflammatory diseases
Among NIIDs, JIA was the most common with 41 cases 
(65.00%). Children with JIA were characterised by repeti-
tive exaggerated fever and fever-related rashes at different 
stages of the disease, accompanied by a significant increase 
in inflammatory indicators. Systemic lupus erythematosus 
(SLE) occurred in a total of 11 cases (16.90%), including 
7 females (63.60%) and 4 males (36.40%). The clinical 
manifestations were recurrent fever and no other typical 
signs of SLE, and they were eventually diagnosed by posi-
tive autoantibodies. Laboratory tests revealed that 9 of 
11 children (82.00%) with decreased white cell (WC) 
concentration of <4×109/L, with an average of 3.6×109/L. 
Other forms of NIID included Behcet’s syndrome in 
two cases (3.20%) and vasculitis in three cases (4.80%). 
In two cases of Takayasu arteritis, the youngest patient 
was 2 months old and was admitted with the symptom 
of ‘intermittent fever for 20 days’. After admission, the 
blood leucocyte count was 12×109 /L, neutrophils were 
80%, and CRP was 111 mg/L. The body temperature was 
improved after anti-infective treatment, but inflamma-
tory indicators were remained significantly increased and 
were ultimately diagnosed as Takayasu arteritis by vascular 
ultrasound.

Neoplastic diseases
Among haematological diseases, there were 36 cases 
(41.90%) of HLH (including 18 cases (50.00%) of EBV-
related haematopoietic syndrome), 10 cases of LCH 
(11.60%), 17 cases of leukaemia (19.80%), 15 cases of 
lymphoma (17.40%) (6 cases non-Hodgkin’s lymphoma 
and 3 Hodgkin’s lymphoma) and 8 other cases (9.30%). 
In LCH, the age ranged from 2 months to 5 years, and 
most were between 1 and 3 years of age, characterised by 
rash, hepatosplenomegaly and lymphadenopathy. Among 
the children with leukaemia, 10 were acute lymphoblastic 
leukaemia (ALL) (66.70%) and other types included 
acute myelogenous leukaemia and juvenile myelomono-
cytic leukaemia.

Miscellaneous diseases
Among miscellaneous diseases, histiocytic necrotising 
lymphadenitis (HNL) was the most common, with a total 
of 217 cases (63.30%), followed by 55 cases of pseudo-
fever (14.60%). The detailed disease composition is 
shown in table  6. In addition to fever, the typical clin-
ical manifestations of HNL were non-purulent enlarge-
ment of the cervical lymph nodes with tenderness and a 
decrease in WC count. The average WC count in HNL 
cases was 3.75×109 /L. None of the children had evidence 
of SLE.

In nine children with Kawasaki disease, six (66.60%) 
were atypical Kawasaki disease with coronary dilation, 
one had Kawasaki disease accompanied by arthritis and 
two had typical Kawasaki disease. There were five cases Ta
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of ectodermal dysplasia, two cases of drug fever, five cases 
of drug hypersensitivity syndrome, including three cases 
from cephalosporins and two cases from antiepileptic 
drugs. In addition, 15 cases of intracranial immune demy-
elinating lesions showed long-term fever, of which 6 cases 
were accompanied by convulsions, and four cases showed 
fever only.

The undiagnosed diseases
Among undiagnosed diseases, 100 cases improved 
(71.43%) after treatment. Based on the diagnosis, the 
proportion of the infectious disease was highest, with a 
total of 75 cases (53.00%).

Significance of routine blood tests (CRP, ESR and PCT) in the 
diagnosis of FUO
The inflammatory indicators WC, CRP, dynamic ESR and 
PCT were compared between different aetiology and 
pathogen groups. The results are shown in tables 7 and 
8. Variance analysis between NIID and non-NIID groups 
showed that WC, CPR, ESR and PCT in the NIID group 
were significantly higher than those in other groups 
(p<0.05). The Youden Index is defined as the sum of 
sensitivity and specificity minus 1, indicating that the 
larger the index of the screening method, the better the 
effect of the screening experiment and the greater the 
authenticity. In the analysis of inflammatory indicators 

Figure 4  Flowchart illustrating FUO diagnosis. ASO, antistreptolysin O; CRP, C-reactive protein; ESR, erythrocyte 
sedimentation rate; FUO, fever of unknown origin; PPD, purified protein derivative; WC, white cell count.
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of rheumatic immune diseases, the relevant sensitivity 
and specificity were analysed. According to the Youden 
Index, rheumatoid immune diseases should be consid-
ered when routine blood testing showed WC>15.7×109/L, 
CRP  >33.5 mg/L and ESR>36.5 mm/hour. In the infec-
tious disease group, comparing bacterial infections with 
non-bacterial infectious diseases, the variance analysis 
showed that WC, CPR, ESR and PCT were significantly 
higher in the bacterial infection group than in the other 
groups (p<0.05).

DISCUSSION
This study summarises the clinical data from 1288 chil-
dren diagnosed with FUO between 2010 and 2017 in 
Beijing Children’s Hospital and discusses the aetiology 
distribution, clinical characteristics and diagnostic strat-
egies of paediatric FUO.

Infectious diseases
Our study found that infectious diseases still ranked 
first (50.90%) based on aetiology distribution in each 
year from 2010 to 2017, which was consistent with 
published reports. Riganter analysed 15 studies of FUO, 
which included between 49 and 290 cases from 1961 
to 2011, and the proportion of infectious disease was 
16%–69%.11 27 28Our study showed that the proportion 
of infectious diseases decreased while the proportion of 
miscellaneous diseases increased significantly compared 
with the previous studies, which might be related to the 
change of aetiology distribution and the continuous 
innovation of clinical diagnostic methods in recent years.

In this study, the most common pathogen for infectious 
diseases was virus. Viral infections were the most common 
pathogens in children over 1 year of age, of which EBV was 
the most common of all viruses. Notably, CMV infection 
was the most common in infants younger than 1 year, and 
other important viruses included herpes viruses HHV-6 
and HHV-7.30 31 Among the diseases caused by EBV infec-
tion, classic EBV-associated infectious mononucleosis 
accounted for a small proportion, and the clinical symp-
toms of most children were not typical. In addition, the 
proportion of cases with EBV-associated HLH, chronic 
active EBV infection, or other EBV-related vasculitis also 
significantly increased over time, with a clinical manifes-
tation of long-term fever.

It has been reported that UTI is the most common 
among infectious diseases31; however, there were only 18 
cases of UTI in this study. This might be due to routine 
urine examinations at the early stage of infection, which 
would exclude most of these cases. Of these, 14 cases were 
young children with less than 3 years old (12 females, 2 
males), suggesting that young females are still vulnerable 
to urinary tract infections. In the infant group, bacterial 
infections were the most common (61.70%). UTIs were 
the common causes of bloodstream and CNS infections. 
The pathogens of UTI in this study were mainly Entero-
coccus spp (E. faecalis and E. faecium), followed by E. coli 

and Pseudomonas aeruginosa. These results were consistent 
with previous studies.32

We found that bloodstream infections ranked second 
and were more common in infants. Some studies have 
shown that bloodstream infections account for about 10% 
of FUO in newborns and 5% in children of less than 3 
months of age.33 In addition, CNS diseases with infectious 
lesions, such as tuberculous meningitis, fungal menin-
gitis and Listeria monocytogenes meningitis, accounted for 
6.10% of cases and often caused long-term fever as it was 
difficult to identify the specific pathogen during diagnosis 
and treatment. Recently, a child with a liver abscess was 
found to have a Klebsiella pneumoniae infection by next-
generation sequencing of the peritoneal effusion. This 
suggests that next-generation sequencing can provide 
better technical support for the diagnosis of pathogenic 
FUO in the future.34

Among the bacterial infections, Streptococcus spp was the 
primary pathogen. Group A haemolytic streptococcus, 
which causes respiratory infections, invasive infections 
and sepsis, accounted for over 66.7% in this study. In 
particular, invasive infections, which is characterised by 
low blood culture positive rates and the diagnosis of which 
depend on ASO values, leads to multiorgan involvement 
and long-term fever during this process. Brucella infection 
is also a common cause of FUO in children, especially in 
developing countries.35 It has been shown that commonly 
used antibiotics often fail to eliminate the infections from 
rare pathogens, leading to poor diagnosis and treatment 
outcomes in paediatric FUO.36 37 Salmonella often causes 
occult bloodstream infection and easily leads to FUO in 
children.32 Some studies have shown that although tests 
for bacteria were negative in the first blood culture, about 
10% of the cases obtained positive results in subsequent 
blood culture tests.38 TB infection, which is character-
ised clinically by the lack of specificity, limited diagnostic 
methods, and low positive rates, can also lead to an FUO 
diagnosis. Therefore, in some instances, repeated blood 
culture tests are necessary for proper diagnosis in chil-
dren with FUO.

In this study, Cryptococcus neoformans infection 
accounted for 7 cases of the 11 children with fungal 
infections. Cryptococcal infections, characterised by no 
obvious symptom and systemic dissemination, cause FUO 
and affect multiple organs including the CNS, lymph 
nodes, liver, spleen and lungs. Unlike the common CNS 
or intracranial infections caused by Cryptococcus, the 
initial symptoms in our study were fever and joint pain, 
suggesting rheumatic diseases; however, this was followed 
by a headache at the late stage. In these patients, CSF 
samples were examined, and Cryptococcus infection was 
confirmed by ink staining and Cryptococcus antigen posi-
tivity. These results suggest that when children have 
multiple organ involvement, attention should be paid 
to the possibility of Cryptococcus infection. Routine Cryp-
tococcal antigen testing can be helpful in the diagnosis 
during early examinations.
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Non-infectious inflammatory diseases
The proportion of cases with NIID was not high in our 
study. At only 4.90%, it ranked fifth among the five 
types of diseases. This result was different from that of 
published studies, which reported about 10%–30%.39 40 
The reason could be that those cases were screened based 
on the diagnosis of ‘fever pending’ on admission and did 
not involve children with joint symptoms.

Our study found that JIA accounted for 41 cases 
(65.00%). Based on the exclusive method, it is chal-
lenging to diagnose JIA. Due to a lack of obvious clinical 
manifestations, the diagnosis of JIA is based on recur-
ring high-grade fevers and the appearance of a fever-
related rash. In addition, imaging examinations and 
inflammatory indicators may give some indication of 
arthritic manifestations. The current study suggests that 
when inflammatory indicators are significantly increased 
(WC>15.7×109/L, CRP >33.5 mg/L, ESR >36.5 mm/hour 
and PCT>0.225 ng/mL), the possibility of rheumatic 
immune disease should be considered.

Our study also suggests that for children younger than 
1-year-old, clinicians should pay more attention to the 
possibility of systemic vasculitis. In this group, the youngest 
child with systemic vasculitis was 2 months old, which was 
similar to that reported in the previous literatures.41

Neoplastic diseases
Regarding blood diseases, HLH was secondary in chil-
dren with FUO, especially EBV-HLH, which accounted 
for 50.00%. This was consistent with the previous study.42 
Some sensitive indicators such as ferritin (SF), soluble 
interleukin (IL)-2 receptor, plasma EBV-DNA, IFN-γ and 
IL-10 were used to monitor HLH disease activity. This 
study suggests a poor prognosis with an absolute value 
of neutrophils <0.5×109/L, SF >2000 µg/L, plasma EBV-
DNA >1×105/mL and non-recovery of blood counts after 
2 weeks of chemotherapy.39 In our studies, five of the six 
children who died were diagnosed with HLH, suggesting 
that the disease is fatal and the prognosis is poor. There-
fore, it should be detected and treated as early as possible. 
In addition, in children infected with secondary HLH, 
attention needs to be paid to black fever caused by Leish-
mania,42–44 which is one of the causes of FUO and HLH.

Children with leukaemia that manifests as FUO 
may complain of bone and muscle pain along with the 
decrease of WC and platelet counts, suggesting the possi-
bility of leukaemia.45 In that case, bone marrow cytology 
should be performed as soon as possible. ALK-positive 
large interstitial lymphomas are difficult to distinguish 
from infectious diseases based on clinical FUO mani-
festations. A case of ALK-positive large-cell anaplastic 
lymphoma with recurrent fever, hepatosplenomegaly, 
lung disease and multiple lymph node involvement was 
finally confirmed by a right inguinal lymph node biopsy. 
In addition, in children with long-term recurrent fever 
along with haemorrhagic, thorny rash and hepatospleno-
megaly, the possibility of LCH should be considered. 
These two diseases are the most difficult to distinguish 

from infectious diseases. Pathological biopsies of relevant 
tissues are helpful to assist in diagnosis, such as biopsies of 
skin, lymph nodes, liver or lungs.

Miscellaneous diseases
Other diseases accounted for 26.6% of all FUO cases. 
HNL, the most common in this group, is one of the causes 
of FUO.46 47 Typical characteristics include fever, non-
purulent painful lymphadenopathy and leucocytopenia. 
School-aged children were predominant in this group, 
with fever lasting an average of 38 days. Among them, 121 
cases were confirmed by pathological biopsy (55.80%). 
There is a possibility of recurrence and SLE development, 
although the disease is mostly self-limiting. Therefore, 
children need to be followed up with for a long time. The 
aetiology of this disease is still not clear, and it may be 
related to infection and immune factors.48 49 Hormone 
therapy has previously been considered effective.

The proportion of cases with Kawasaki disease in this 
study was not high, at only 2.62%, which was different 
from previous studies.11 This might be because typical 
Kawasaki disease could be diagnosed at an early stage. 
Atypical Kawasaki disease is characterised by fever, 
elevated inflammatory indicators and coronary artery 
dilatation.50 Therefore, for children with FUO accompa-
nied by elevated inflammatory indicators, cardiac coro-
nary artery ultrasound is essential. At the same time, it 
is necessary to pay attention to other causes of disease, 
such as the possibility of EBV infection and Mycoplasma 
pneumoniae infection.

It is worth noting that an increasing proportion of 
pseudo-fever was found in school-aged children. With 
the change of social environment, psychological prob-
lems gradually increase. Pseudo-fever has become one of 
the leading causes of paediatric FUO.51 In this study, 53 
cases (96.36%) were over 8 years old with obvious self-
conscious symptoms. Fever was a prominent feature, but 
the skin touch temperature and the rectal temperature 
were normal during the examination. Psychological prob-
lems were found in some children, such as being tired 
of school, stress, etc. Studies have suggested that these 
children may have Sjogren’s syndrome.52 To determine 
if this group of children can be diagnosed as Sjogren’s 
syndrome, long-term follow-up is still needed.

Drug fever (DF) is a type of adverse drug reaction. It 
is an unexpected increase in body temperature during 
medication and is often misdiagnosed in the clinic. 
Antibiotics like β-lactams and vancomycin are the most 
common cause. Previous studies have suggested that 
antibacterial drugs cause the highest proportion of drug 
fevers, between 30% and 60%.53 54 In drug hypersensi-
tivity syndrome, reactivation of HHV-6 infection is the 
key to inducing such diseases. It is suggested that when 
considering the existence of such diseases in children, 
the detection of HHV-6 should be performed at the same 
time.

Paediatric FUO caused by ectodermal dysplasia has 
been gradually recognised in recent years. Congenital 
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ectodermal dysplasia is a genetic disease characterised by 
defects in tissue development of ectodermal origin, such 
as sweat glands, hair and teeth, and is X-linked recessively 
inherited.55 For such diseases, it is helpful to carry out 
targeted examinations, such as skin biopsy and genetic 
testing. Studies have suggested that abnormalities in 
body temperature regulation may be related to hypoxic 
asphyxia in the perinatal period.1

Undiagnosed diseases
Although the current clinical diagnostic and treatment 
methods are continually changing and the early diagnosis 
rate of FUO has been improved, 10.90% of children still 
had unknown aetiology and need to be followed up for 
long-term observation. For these children, the results of 
clinical diagnosis suggest that they may have viral infec-
tions or atypical bacterial infections that are difficult to 
detect.1 28

Limitations
There were certain limitations in this study which should 
be considered carefully during the data interpretation 
and these include the following: (1) this was a single-
centre study, which might not be able to fully explain the 
composition of the FUO of the entire group of children, 
needing multicentre studies in future to revalidate these 
results; (2) the cases reviewed in this study were recorded 
between 2010 and 2017, which were relatively widely 
distributed, and the clinical data contained in them have 
not been followed up to date. Therefore, it was out of 
the scope of the study to reconfirm the final diagnosis for 
some children whose initial diagnosis remained unknown. 
However, the follow-up investigation is currently going on 
for the paediatric patients with unknown aetiology at the 
time of discharge to supplement relevant information.

CONCLUSION
Due to the various causes that lead to FUO, routine blood 
examinations can be used as a means of preliminary aeti-
ology diagnosis, including inflammatory indicators such 
as WC count, CRP, ESR and PCT, which can be helpful 
to distinguish between infectious and non-infectious 
diseases. Other examination methods are also being grad-
ually applied in clinical screening, such as next-generation 
sequencing and PET–CT scans, all of which contribute to 
the identification of infectious lesions, tumorous diseases 
and other diseases types.35 56 57 Based on this study, a prac-
tical stepwise approach to FUO diagnosis was constructed 
(figure 4) and could be very helpful in the clinical assess-
ment of FUO.
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