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Summary: The present study aimed to establish a list of parameters indicative of pathogen invasion
and develop a predictive model to distinguish the etiologies of fever of unknown origin (FUO)
into infectious and non-infectious causes. From January 2014 to September 2017, 431 patients
with FUO were prospectively enrolled in the study population. This study established a list of 26
variables from the following 4 aspects: host factors, epidemiological factors, behavioral factors, and
iatrogenic factors. Predefined predicted variables were included in a multivariate logistic regression
analysis to develop a predictive model. The predictive model and the corresponding scoring
system were developed using data from the confirmed diagnoses and 9 variables were eventually
identified. These factors were incorporated into the predictive model. This model discriminated
between infectious and non-infectious causes of FUO with an AUC of 0.72, sensitivity of 0.71,
and specificity of 0.63. The predictive model and corresponding scoring system based on factors
concerning pathogen invasion appear to be reliable screening tools to discriminate between

infectious and non-infectious causes of FUO.
Key words: fever of unknown origin; predictive model; etiology; empiric therapy

The classic definition of fever of unknown origin
(FUO) was first proposed by Petersdorf and Beeson!!
in 1961. In 1991, Durack and Street? modified the
definition, and this new definition has been widely
used since then. Encompassing both very rare and
relatively common entities, over 200 diverse etiologies
of FUO have been described?. Etiological studies
demonstrated that infections were among the most
common diagnoses™. Despite great advances in
diagnostic tools, such as various serological assays
and improved imaging techniques, FUO remains a
formidable challenge for clinicians®.

Several studies have proposed staged diagnostic
algorithms to minimize non-focused testing!®. Taking
a complete and thorough history is the first step in
identifying potential diagnostic clues!”. Obtaining a
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detailed patient history may also provide essential clues
about the etiology and is typically preferable to ordering
more screening tests. A thorough history includes the
onset of symptoms, other signs or symptoms emerging
or disappearing during the course of the disease, and
any accompanying signs or symptoms'®l. The process
by which pathogens first invade an organism is the
unique pathogenesis for infectious diseases, and this
is significantly distinct from the pathogenesis of non-
infectious diseases. Following pathogen invasion, the
immune system is stimulated, particularly the innate
and adaptive immune responses. However, to date,
there has been a lack of direct and effective methods
that may be used to clarify whether or not pathogen
invasion occurs before the appearance of symptoms in
a patient with FUO.

In accordance with the specific pathogenesis of
infectious diseases, the aim of the present study was



1026

Current Medical Science 38(6):2018

to develop a predictive model based on factors related
to pathogen invasion at time of FUO onset in order
to promptly and efficiently distinguish between the
etiologies of infectious and non-infectious processes.

1 MATERIALS AND METHODS

This was a single-institution prospective
observational study performed at Tongji Hospital
from January 2014 to September 2017. Only patients
with classical FUO satisfying the modified criteria of
Durack and Street were included, while subjects with
immunosuppression, nosocomial FUO, or neutropenic
FUO were excluded. FUO was defined as fever lasting
more than 3 weeks with a temperature measuring
higher than 38.3°C on several occasions, and the cause
of the fever remains unclear after 1 week of in-hospital
evaluation.

In infectious diseases, the most probable and
critical time period during which pathogens invade the
body is 1-2 weeks before the emergence of apparent
clinical signs and symptoms and this is defined as the

onset stage; the latent time of some cases may be longer.
Based on the literature and our clinical experience, the
present study created a screening list related to medical
history (table 1) to search for clues of pathogen invasion;
the list included host factors, epidemiological factors,
behavioral factors, and iatrogenic factors® ?. Every
item had a standard and strict definition, as shown in
supplement 1. In accordance with the screening list,
comprehensive and detailed histories were obtained
from enrolled patients on the first day of admission, in
order to evaluate the possibility and route of pathogen
invasion at the onset stage of disease. Two internists
collected and interpreted patients’ data, and they were
both blinded to the final diagnoses.

Final diagnoses were determined by a committee
composed of three specialist physicians (with
experience in infectious disease, malignancies, and
autoimmune diseases), a radiologist, and a laboratory
specialist in cases of specific diseases. Patients were
classified into two categories: infectious or non-
infectious. Definite infections were diagnosed by means
of the following results plus imaging if necessary:

Table 1 The screening list of clues related to the medical history of pathogen invasion

Host factors

Injury of mucosal barrier
(1) Injured skin

Pedicure, acupuncture, cupping, tattoo, open wounds, dermatopathy

(2) Injured oral mucosa
Oral ulcers
Diseases associated with teeth and gums
Pharyngitis
(3) Injured mucosa of the respiratory tract
Rhinitis
Upper respiratory tract infection
Bed-ridden
Bronchitis
Bronchiectasia
(4) Injured mucosa of the gastrointestinal tract
Gastritis
Peptic ulcer
Diarrhea
Cholangitis
Pancreatitis
Appendicitis
(5) Injured mucosa of urinary tract
Cystitis
Pyelonephritis
(6) Injured genital tract
Genital tract infection
Unclean sexual contact
Chronic underlying diseases
(1) Diabetes
(2) Chronic liver disease
(3) Chronic kidney disease
History of amygdalectomy or splenectomy
Malnutrition
Hereditary diseases

Epidemiological factors

Environmental pollution of living or working conditions
Feeding and close contact with animals carrying the pathogen
Intimate contact with people living in epidemic areas
Living in epidemic areas

Behavioral factors

Sudden changes in the rhythm of life or work

Presence of a cold

Long-term work overload

Chronic sleep deficit

Poor eating habits

Iatrogenic factors

Toothwash or dental filling

Cosmetology

Induced abortion

Artificial implantation of foreign bodies

Artifistulation
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positive body fluid culture; positive serology result;
and positive polymerase chain reaction and immune
assay for a pathogenic organism!!®. Non-infections,
including malignancies, autoimmune diseases, and
miscellaneous causes, were diagnosed according to
the corresponding diagnostic criteria. The follow-up
period to obtain the definitive diagnoses of enrolled
patients was 6 months.
1.2 Statistical Analysis

Categorical data were presented as number and
percentages and were analyzed using the chi-square test
or Fisher’s exact test to compare the results of patients
in the infectious disease and non-infectious disease
subgroups. The polynomial predictive model was
constructed using a logistic regression model including
all predictor variables. Akaike’s information criterion
(AIC) was used to judge the fitness of the models. The
reduction in AIC between models was evaluated by the
likelihood ratio test!!"l. The final predictive model was
identified as having the significantly lowest AIC value.
The difference was considered statistically significant
at P<0.05. The receiver operating characteristic (ROC)
curve was obtained by plotting sensitivity against
1-specificity at each cut-off value. Diagnostic accuracy

was assessed by the area under the curve. All analyses
were performed using SPSS statistical software,
version 18.0 (SPSS, USA) and Empower Stats (http://
www.empowerstats.com).

2 RESULTS

2.1 Distribution of Etiologies

There were 697 febrile adults during the nearly
4-year period at the hospital. Of these, 266 patients
were excluded for the following reasons: not meeting
the basic criteria of FUO (40.5%); discharge from the
hospital within 5 days (20.4%); and the diagnosis was
not obtained within 6 months after discharge (8.7%) or
patients were lost to follow up (30.4%). The remaining
431 patients that fulfilled all the study criteria were
eventually included in the analysis. Among them,
infectious disease was the most common cause of FUO.
Furthermore, various antibiotics were administered to
a high percentage of patients prior to confirmation of
an exact diagnosis. In order of proportion, the most
prevalent FUO causes were tuberculosis, sepsis,
brucellosis, malignant lymphoma and adult-onset Still
disease as shown in table 2.

Table 2 Causes of fever in FUO patients

Infectious causes n (%) Non-infectious causes n (%)

Bacterial 195 (45.2) Autoimmune diseases 93 (21.6)
Tuberculosis 49 (11.4) Adult-onset Still disease 29 (6.7)
Brucellosis 38 (8.8) Undifferentiated connective tissue disease 15 (3.5)
Sepsis 41 (9.5) Systemic lupus erythematosus 14 (3.2)
Pulmonary infection 21 (4.9) Vasculitis 10 (2.3)
Urinary infection 6(1.4) Sicca syndrome 3(0.7)
Endocarditis 4(0.9) Others 22 (5.1)
Typhoid fever 3(0.7) Neoplasms 62 (14.4)
Abscess 10 (2.3) Malignant lymphoma 35(8.1)
Others 23 (5.3) Leukemia 10 (2.3)

Viral 24 (5.6) Multiple myeloma 2(0.5)
Epstein-Barr virus 14 (3.2) Cervical cancer 3(0.7)
Cytomegalovirus 2(0.5) Prostatic cancer 2(0.5)
Virus meningitis 3(0.7) Glandular cancer 2(0.5)
Others 5(1.2) Others 8(1.9)

Fungal 12 (2.8) Miscellaneous 35(8.1)
Pulmonary fungal infection 6(1.4) Kikuchi’s syndrome 15(3.5)
Fungal meningitis 1(0.2) Subacute thyroiditis 9(2.1)
Others 5(1.2) Others 11 (2.6)

Mycoplasma 4(0.9)

Parasite 6(1.4)

2.2 Medical History Characteristics

Table 3 shows the results of the univariate analysis
of certain invasive clues. There was no significant
difference in age between the infectious and non-
infectious groups. The male patients in the infectious
group were significantly more than those in the non-

infectious group. Feeding and close contact with
animals carrying pathogen and presence of a cold were
significantly more common in the infectious group
than in the non-infectious group (P<0.05), and these
were all determined to be risk factors for infectious
diseases. Univariate analysis showed no statistical
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difference between the two groups in the factors of
injury of the mucosal barrier, chronic underlying
diseases, malnutrition, environmental pollution of
living or working conditions, intimate contact with
people living in the epidemic areas, sudden changes in
the rhythm of life or work, iatrogenic factors, chronic
sleep deficit, poor eating habits and long-term work
overload. In the present study, intimate contact with
people living in epidemic areas, poor eating habits
and malnutrition were only identified in the infectious
group, with 6%, 4% and 2% respectively. The history
of amygdalectomy or splenectomy was only identified
in the non-infectious group, with 2.6%. The remaining
variables were not found in either group.

2.3 Performance of the Predictive Model

Based on the results of the univariate analysis,
a multinomial logistic regression analysis of all
predefined variables was conducted to develop a
predictive model consisting of 5 variables, including
sex, injury of the mucosal barrier, feeding or close
contact with animals carrying pathogen, presence
of a cold, and iatrogenic factors. These factors were
all positive indicators of infectious causes with odds
ratios greater than one. The details of the predictive
model are provided in table 4. By rounding the
coefficients of each variable in the model, the score
was predicted as presented in table 4. The best cut-off
point was 15.

Table 3 General characteristics of infection and non-infection

General characteristics Infection Non-infection P value
Age, years 46.96+16.88 45.11£17.09 0.233
Sex, male (%) 148 (61.4) 90 (47.4) 0.004
Injury of mucosal barrier (%) 85 (35.3) 52 (27.4) 0.080
Chronic underlying diseases (%) 28 (11.6) 18 (9.5) 0.474
Malnutrition (%) 2(0.8) 2(1.1) 1.000
Environmental pollution of living or working conditions (%) 18 (7.5) 73.7) 0.095
Feeding and close contact with animals carrying pathogen (%) 35 (14.5) 2(1.1) <0.001
Intimate contact with people living in the epidemic areas (%) 5(2.1) 2 (1.1 0.472
Sudden changes in the rhythm of life or work (%) 9(3.7) 8(4.2) 0.808
Presence of a cold (%) 54 (22.4) 22 (11.6) 0.003
Long-term work overload (%) 12 (5.0) 5(2.6) 0.319
Chronic sleep deficit (%) 16 (6.6) 16 (8.4) 0.484
Poor eating habits (%) 1(0.4) 1(0.5) 1.000
latrogenic factors (%) 14 (5.8) 5(2.6) 0.155
Table 4 Multiple regression analysis for diagnosis of infection in FUO patients
Variable B-Coefficient Standard error P value OR (95%CI) Score
Sex 0.61 0.24 0.011 1.83 (1.15-2.92) 6
Injury of the mucosal barrier 0.50 0.23 0.031 1.65 (1.05-2.60) 5
Feeding and close contact with animals carrying pathogen 2.98 0.75 <0.001  19.71 (4.57-85.05) 30
Presence of a cold 1.12 0.29 <0.001 3.05 (1.71-5.44) 11
latrogenic factors 1.18 0.56 0.034 3.26 (1.10-9.70) 12
OR: odds ratio; 95% CI: 95% confidence intervals
ROC Curve

This predictive model successfully identified 1.0
infectious causes of FUO. The performance of this
scoring system was evaluated by means of a ROC 08
curve (fig. 1). The area under the curve was 0.72 (95%
confidence interval, 0.67 to 0.78), and the sensitivity g‘ 0.6
and specificity were 0.71 and 0.63, respectively. 3§
The positive likelihood ratio was 1.92, the negative & 04
likelihood ratio was 0.46, and the positive and negative
predicted values were 0.71 and 0.63, respectively. 0.2
3 DISCUSSION 0.0 . .

The etiologies of FUO are complicated, while
comprehensive history collection and complete

0.4 0.6
1-Specificity

00 02 0.8 1.0

Fig. 1 Receiver-operating characteristic curves of the predict
model
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physical examination are important prerequisites and
bases for diagnosis®. The primary evaluation of a
patient with FUO should begin with taking a detailed
and thorough history!”). However, most clinicians
ignore the critical onset stage, including the incubation
period before early clinical symptoms appear and the
initial pathogenesis preceding the occurrence of these
symptoms. The reason for this may be that they simply
evaluate only common causes or only focuse on current
clinical manifestations. In this study, the clinical focus
was on the initial onset stage, i.e., 1-2 weeks prior
to the appearance of obvious symptoms and signs. It
should be noted that the duration of the onset stage may
be longer in certain diseases. Several previous studies
have focused on developing a procedure or tool, mainly
based on laboratory markers, to discriminate between
infectious diseases and non-infectious diseases in
patients with FUOP: 12 131, Moreover, in contrast with
non-infectious diseases, infectious diseases undergo the
process of pathogen invasion during the onset stage in
addition to inducing immune responsest'*l. At present,
due to a complex history and shortage of innovative
ideas, few reports have emphasized the essentiality of
clues related to pathogen invasion in the pathogenesis
of infectious diseases during the onset stage. Therefore,
in our study design, we sought to identify clues related
to pathogen invasion at the initial onset stage, in order
to distinguish infectious diseases from non-infectious
diseases as the causes of FUO.

The pathogenesis of infectious diseases is closely
related to the interaction of pathogens, host immunity,
and environmental factors!'Y. As the first barrier of
the body to resist the invasion of internal or external
pathogens, the mucosal barrier system is a fundamental
part of the innate immune system!'>-'7. Patients with
the presence of a cold, which can lead to immune
dysfunction, are susceptible to infection. Patients in
close contact with certain animals or those who live in
endemic areas may suffer from zoonotic infection!'®]. In
addition, aggressive medical examinations, especially
improper medical manipulations, increase the risk of
infection!*2!. Accordingly, the screening list of clues
to identify pathogen invasion was comprehensively
developed from the four aspects of host factors,
epidemiological factors, behavioral factors, and
iatrogenic factors.

There are particular strengths in this study. First, by
analyzing the systematic and complete list, physicians
can avoid missing valuable information during clinical
history-taking. Second, each clue to pathogen invasion
is defined in detail, so that first-line clinicians are able
to comprehend the implication of pathogen invasion
and analyze its probabilities. Detailed definitions can
greatly reduce the interference of subjective factors.
Third, the score model, which is easily accessible
and may be widely used in clinical practice, provides

a quantitative analysis of the complicated disease
history. Fourth, combined with classical strategy
guided by potentially diagnostic clues?®?, the score
model can determine the diagnosis of infectious
diseases upon initial judgment and then minimize non-
focused testing. Finally, infectious diseases are still
the main cause of FUOP, especially in developing
countries. A great challenge for clinicians is that high-
strength, over-broad antibiotics are often administered
to patients with FUO before any evidence of infection
has been identified®. The causes of FUO could be
broadly separated into infection or non-infection using
the score model. Although some scholars believe that it
is inappropriate to prescribe antibiotics for FUO before
a diagnosis is confirmed, the positive clues of pathogen
invasion can assist the physician in making an accurate
decision about whether or not to prescribe antibiotics.
In light of certain clues, the possible routes of invasion,
such as the skin, respiratory tract, gastrointestinal tract,
and urinary tract, can be identified. Based on this, it
is beneficial for physicians to make wiser choices
regarding the use of antibiotics and make empirical
treatment more reasonable.

This study also has some limitations. First, the
results of the score model could not provide information
related to identifying the definite etiology of infectious
diseases. Second, compared to previous reports in the
literature, the proportion of infectious diseases was
higher in this study. Infectious diseases still represent a
major component of the FUO etiologies in developing
countries. Due to the limitation of the sample size, the
study did not include a validation cohort to verify the
diagnostic value of the score model.

An innovative strategy known as the “two-
step” diagnostic algorithm was proposed to rapidly
discriminate the etiology of FUO as infectious or
non-infectious, and it has been registered on http:/
www.clinical trials.gov in 2013 under the registration
number NCT02035670. With this method, the first step
is to discover and analyze the possibility of pathogen
invasion at the onset phase, as demonstrated in the
present study. The second step, which is specific to the
phase of disease progression, takes into consideration
gender, clinical symptoms and signs, and laboratory
examination results. Future research concerning
combined application of this two-step diagnostic
algorithm will enable improvement of the sensitivity
and specificity of distinguishing FUO etiology as
infectious or non-infectious and enable clinicians to
more distinctly determine whether empirical use of
antibiotics is necessary. Some experts believe that
belated application of antibiotics will make diseases
delayed or more serious, if the final diagnosis is certain
infectious diseases™27.. This diagnostic algorithm can
also provide a tentative diagnosis to guide early in-
depth treatment of non-infectious diseases, particularly



1030

Current Medical Science 38(6):2018

certain malignancies or autoimmune diseases that may
progress quickly.

In conclusion, the innovative score model
comprising clues of pathogen invasion, including host
factors, epidemiological factors, behavioral factors,
and iatrogenic factors, is a valuable tool that may
be used to rapidly identify the cause of infection in
patients with FUO. As a result, this model can assist
clinicians with subsequent targeted examinations and
reasonable selection of antibiotics.
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Supplement 1

Host factors
1. Injury of mucosal barrier
1.1 Injured skin

Pedicure, acupuncture, cupping, tattoo, open wounds, dermatopathy:
contamination of the incision, massive bleeding, red swelling with pain,
ulceration, and purulent secretion.
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1.2 Injured oral mucosa

Oral ulcers: large area, multiple sites, and recurrent episodes.

Diseases associated with teeth and gums: gingivitis, periodontitis,
pulpitis, pericoronitis, and purulent gums.

Pharyngitis: pharyngeal sensation of a foreign body with pain and
itch, sputum cannot be egested or swallowed, and nausea or dysemesia
when brushing teeth.

1.3 Injured mucosa of the respiratory tract

Rhinitis: nasal congestion, increased secretions, accompanying
headache, hyposmia, nasal twang, insomnia, or imaging diagnosis.

Upper respiratory tract infection: nasal obstruction, nasal discharge,
pharyngodynia, cough, and expectoration.

Bed-ridden: gastroesophageal reflux and irritating cough.

Bronchitis: cough, expectoration, and asthma.

Bronchiectasis: chronic cough, purulent sputum, and recurrent
hemoptysis.

1.4 Injured mucosa of the gastrointestinal tract

Gastritis: postprandial epigastric discomfort, recurrent epigastric
pain, belching, acid reflux, vomiting, or recent gastroscopy diagnosis.

Peptic ulcer: abdominal pain, hematemesis, hematochezia, or
digestive endoscopy diagnosis.

Diarrhea: abdominal pain and changes in stool frequency and/or
form appearance.

Cholangitis: abdominal pain, jaundice, epigastric discomfort, and
imaging diagnosis.

Pancreatitis, appendicitis: corresponding diagnostic criteria.

1.5 Injured mucosa of the urogenital tract

Cystitis, pyelonephritis: frequency of micturition, urgency of
urination, urodynia, hematuria, pyuria, and urinary retention.
1.6 Injured mucosa of the reproductive tract

Genital tract infection: burning sensation, festering, abnormal
increase of secretion, and abnormal odor.

1.7 Unclean sexual contact
2. Chronic underlying diseases
2.1 Diabetes
2.2 Chronic liver disease
2.3 Chronic kidney disease
3. History of amygdalectomy or splenectomy
4. Malnutrition
Malnutrition: insufficiency of nourishment, obvious marasmus,

weakness, and disappearance of subcutaneous fat.
5. Hereditary diseases

Hereditary diseases: hereditary hemolytic anemia, Wilson disease,
and other hereditary diseases causing damage to liver function, kidney
function, and immune function.

Epidemiological factors
1. Environmental pollution of living or working conditions
Air, water, soil, and food contaminated by pathogenic
microorganisms; living in a closed and humid environment for a long
time.
2. Feeding and close contact with animals carrying the pathogen
3. Intimate contact with people living in epidemic areas
4. Living in epidemic areas

Behavioral factors
1. Sudden changes in the rhythm of life or work

Changes in the habits of daily life, such as changes in living, eating,
dressing, etc.; recent work has made patient feel more tired and stressed,
workload has increased significantly so that the hours of sleeping or rest
have decreased.
2. Presence of a cold

A sudden change in weather; catching a chill; exposure to rain;
feeling frozen in one’s sleep; eating a lot of cold food.
3. Long-term work overload

The daily workload is far beyond the limits of the patient’s physical
strength.
4. Chronic sleep deficit

Sleeping less than 4-6 hours a day or poor sleep quality.
5. Poor eating habits

Unbalanced intake of nutrients, often ingestion of undercooked food
or frequent gluttony.

Iatrogenic factors

1. Toothwash or dental filling

2. Cosmetology

3. Induced abortion

4. Artificial implantation of foreign bodies
5. Artifistulation



