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Pyrexia of unknown origin encompasses a
heterogenous group of conditions that occur in
patients presenting to both primary care and
emergency departments. Despite advancements in
diagnostic investigations and imaging, diagnosis can
often remain elusive. A thorough approach, serial
clinical reviews and timely discussion with physicians
experienced in appropriate workup may help GPs
in rationalising investigations and subsequent
management.

yrexia of unknown origin (PUO; or fever of unknown
origin, FUO) refers to a heterogeneous group of otherwise
unrelated conditions that is seen in patients presenting with
persistent fever and typically eludes diagnosis, despite basic
diagnostic testing. Although inclusive of uncommon conditions,
PUO more frequently involves common conditions that present
atypically. Aetiologies pertain to a number of medical specialties;
therefore, a thorough and persistent approach to clinical review,
sequential clue-driven investigations and management is required.
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History and criteria
‘Fever’ and ‘pyrexia’ have been described since at least the 10th
century BCE, where an elevated body temperature associated
with tachycardia was considered a sign of disease and, often,
infection. An interesting and more complete history of PUO is
summarised by Wright and Auwaerter." Through to the present
day, presentation of patients with PUO remains a common clinical
issue in both primary and emergency care settings.

The term PUO was first described in 1961 in a case series of
100 patients presenting with:
o atleast three recorded fevers measuring higher than

38.3°C
o febrile illness of at least three weeks” duration
« no diagnosis despite one week of inpatient investigations.?

Although defined primarily for research settings, the crite-
ria aimed to exclude self-limiting viral infections and diurnal
temperature variations, and allow adequate time for investigations.
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Given the potential for outpatient investigations, the time
criterion was revised to three inpatient days” equivalence.’
Subsequent revision of the criteria for PUO shows that it varies
by geographical location, proportion of the population that is
ageing and the availability of imaging, including CT and
positron emission tomography. At its core, a true PUO refers
to a significant febrile illness that persists for a prolonged period
of time, without any clear cause demonstrated despite
extensive investigations.*

This article focuses on ‘classic PUO’ investigations; however,
a wider range of diagnoses should be considered for patients
who are immunosuppressed and those recently hospitalised.
Other recent reviews also highlight the nuances of ‘travel-
associated’ and ‘periodic’ fevers of unknown origin, which shift
the proportion of potential aetiologies.” Classic PUO is tradi-
tionally grouped as infectious, noninfectious inflammatory
(connective tissue) disorders, malignant or miscellaneous.

KEY POINTS

o Pyrexia of unknown origin (PUO) is defined by the presence
of persisting fever above 38.3°C on at least three
occasions for longer than three weeks, without a diagnosis
despite basic diagnostic evaluation.

Classic PUO is typically subdivided into infectious,
noninfectious inflammatory, malignant and miscellaneous
aetiologies.

A thorough history and examination are paramount, and
red flags for potentially life-threatening conditions should
be actively excluded.

Basic investigations can be complemented by targeted
investigations following the history and examination; more
advanced imaging and molecular testing may be useful
but should be considered in consultation with infectious
diseases or other specialists.

Delay treatment in the stable immunocompetent patient
until a diagnosis is reached, so management can be
tailored appropriately.

.

.

The febrile response

A brief understanding of the body’s temperature regulation
mechanisms assists with understanding the varied causes of
febrile illnesses. Thermoregulation occurs in response to pyro-
gens, which may include hormones (thyroid hormone, catecho-
lamines, glucocorticoids) or cytokine production from tumours,
micro-organisms or tissue necrosis.® Broadly speaking, exoge-
nous pyrogens (such as endotoxins from bacteria and viruses)
cause the production of endogenous pyrogens (interleukin-1,
interleukin-6, tumour necrosis factor, interferons) from innate
immune cells, which act on endothelial and neuronal cells of
the preoptic region of the anterior hypothalamus. This produces
local prostaglandin E2, thus resetting the body’s temperature
‘setpoint’. What ensues includes noradrenaline and acetylcholine
release causing vasoconstriction and brown adipose tissue
thermogenesis, respectively, manifesting as myocyte-induced
shivering, piloerection and heat- or cool-seeking behaviours,
among other effector responses.>” Involvement anywhere along
this pathway can produce a febrile response.

Causes
As mentioned above, aetiologies of classic PUO are subdivided
into four groups (Table 1). The proportion of each group has
changed with time and depends on patient age, relevant risk factors
and the availability of imaging and other investigations. Since PUO
was first described, there has been an overall trend towards a greater
proportion of miscellaneous and undiagnosed causes, with a recent
study quoting up to 50% of PUO as being undiagnosed.®
Infectious causes of PUO include occult abscess, endocarditis,
tuberculosis and complicated urinary tract infections.*” In a
returned traveller, common infectious causes should be
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PYREXIA OF UNKNOWN ORIGIN continued I

Aetiology

TABLE 1. COMMON CONDITIONS ASSOCIATED WITH PYREXIA OF UNKNOWN ORIGIN

Common conditions

Infectious

» Bacterial endocarditis (including culture-negative)
Tuberculosis
Intra-abdominal abscess

Noninfectious

Giant cell arteritis

inflammatory * Polymyalgia rheumatica
e Systemic lupus erythematosus
e Adult-onset Still's disease
* Polyarteritis nodosa
Malignancy e Hodgkin’'s lymphoma

Non-Hodgkin’s lymphoma

Castleman’s disease

Leukaemia

Myeloproliferative neoplasms

Phaeochromocytoma

Lower gastrointestinal, hepatocellular and renal cell carcinomas

Miscellaneous

Deep vein thrombosis and pulmonary embolism
Drug-induced

Cerebrovascular bleed, trauma or tumour
Pancreatitis

Alcoholic hepatitis

Cirrhosis

Burns

Calcium pyrophosphate deposition disease

considered alongside typhoid fever, acute
HIV infection, gastroenteritis and amoe-
bic liver abscesses.” Of noninfectious
inflammatory causes, polymyalgia rheu-
matica, giant cell arteritis, adult-onset
Still’s disease and systemic lupus erythe-
matosus should be considered, given that
delays in diagnosis may be potentially
organ- or life-threatening.” Haematolog-
ical malignancies (Hodgkin’s lymphoma,
non-Hodgkin’s lymphoma, myeloprolif-
erative neoplasms) are represented more
often than solid organ tumours; lower
gastrointestinal, hepatocellular and uri-
nary tract tumours are prominent in the
latter group.®

Medications can also cause fevers, which
can be present alongside peripheral eosino-
philia and abnormal liver function tests.
Fever may resolve within seven days of
drug cessation. Other miscellaneous causes
should be considered if there is any suspi-
cion of abnormal hypothalamic function
(cerebrovascular bleed, trauma, tumour),
decreased heat loss (anticholinergic
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Figure 1. Typical fever patterns seen with tertian malaria (top left), quartan malaria (top right), Pel-Ebstein fever (bottom left), typhoid fever (bottom right).
Abbreviation: bpm = beats per minute.
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PYREXIA OF UNKNOWN ORIGIN continued

* Headache ¢ Toothache * Fevers e Ear pain or
. Photophobia — /. Sinus pain ~ * Rigors __— discharge
¢ Neck stiffness * Night sweats * Dysphagia
* Weight loss e Coryza
Lymphadenopathy
Midline back
tenderness
¢ Chest pain
¢ Shortness
of breath
e Cough
* Haemoptysis * Dysuria
* Haematuria
« Abdominal * Urinary frequency
pain * Lower abdominal
* Nausea and or flank pain
vomiting ¢ Prostatism
¢ Diarrhoea
\- Rash

e Leg swelling

Figure 2. Suggested systems review when investigating pyrexia of unknown origin.

medications, drug abuse, heat stroke) or
increased heat production (malignant
hyperthermia, serotonin syndrome, thyro-
toxicosis). Venous thromboembolic dis-
ease, pancreatitis, burns and factitious fever
are important differentials.®

Presentation
A careful history and examination looking
for so-called ‘potentially diagnostic clues’
is recommended. PUO literature often
suggests that clinicians follow Sutton’s Law
(after Willie Sutton, who robbed banks
because ‘that’s where the money is’), which
refers to pursuing investigations in order
of diagnostic probability — consider the
most likely diagnosis first.? Patients with
PUO may not necessarily have a rare con-
dition, rather, otherwise common condi-
tions may present atypically as a PUO.
The presence of objective fevers should
first be confirmed, ideally with a record-
ing taken by the patient or in the clinic
room, and a fever diary may be helpful to
comment on the degree, duration and
timing.
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History

Note the onset, acuity, duration and timing
of fevers. Although not specific, consider
particular fever patterns, such as the
tertian or quartan fevers of malaria, cycli-
cal Pel-Ebstein fevers of lymphoprolifer-
ative malignancies or pulse-temperature
dissociation seen in conditions such as
typhoid fever (Figure 1). Similarly, estab-
lish the presence and duration of sweats,
rigors or weight loss.”

Screen for localising symptoms in a
systems review (Figure 2); these may have
occurred subtly early in the illness, prior
to the onset of fevers. Never underestimate
collateral history from family, friends or
carers, particularly in the context of PUO."

When taking a medical history, pay
particular attention to previous fevers or
infections, or known immunosuppression.
Recent surgeries and the presence of
drains, prostheses or other foreign mate-
rial should be noted. Review all regular,
over-the-counter and ‘as needed’ medica-
tions, alongside any herbal supplements
and allergies. Common medications
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1. MEDICATIONS COMMONLY
ASSOCIATED WITH DRUG FEVERS

Allopurinol

Antibiotics, especially beta-lactams

Anticonvulsants

Antihypertensives - diltiazem,
methyldopa

e Chemotherapy
* NSAIDs

Thyroxine

¢ Vaccinations

associated with drug fevers are listed in
Box 1. A family history malignancy, auto-
immunity, ethnicity and familial fevers
should also be sought.

Further diagnostic clues lie in the
patient’s social history. Travel should be
explored, noting travel within the last year,
both overseas and within Australia, and
the relevant dates of travel. Enquire about
vaccinations, antimalarial use and overseas
activities, including food consumed, water
activities, animal exposure, overseas sexual
historyand drug use. Ask about insectand
tick bites. Occupation, pet ownership, bird
exposure, gardening, domestic outdoor
activities and sexual history should be
noted. As usual, it is prudent to clarify
smoking, alcohol and other drug use.
Potential zoonotic and travel exposures
and relevant investigations to consider are
summarised in Table 2.*"

Prompt referral to hospital may be
indicated if there are concerns for immuno-
suppression (known chemotherapy, neu-
tropenia, immunosuppression), severe
disease impacting daily function, disease
in the elderly, or the presence of red flags
for certain conditions (Table 3).

Examination

Formally measure the patient’s temper-
ature. Red flags must be actively
excluded (as above, Table 3). Search for
stigmata of infective endocarditis along-
side cardiac auscultation; note any lym-
phadenopathy or hepatosplenomegaly,
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PYREXIA OF UNKNOWN ORIGIN continued

TABLE 2. EXAMPLES OF ZOONOTIC INFECTIONS IN AUSTRALIA**?

At risk: returned travellers

Disease Pathogen Vectors and at-risk groups Geographical region Diagnostic
investigations

Q fever Coxiella burnetii ¢ Vector: livestock Australia wide Serology

e At risk: abattoir and farm workers
Barmah Forest | Barmah Forest virus Vector: mosquitoes NT, Qld, NSW Serology
virus infection
Ross River fever | Ross River virus * Vector: kangaroos and wallabies are | ¢ NT, WA, Qld, NSW Serology

principal hosts ¢ Western South Pacific islands

* Atrisk: those with mosquito bites

Dengue fever Dengue virus ¢ Vector: Aedes aegypti mosquito North-eastern QId Serology

hemisphere and rare in Australia;
however, ringtail possum bites have
been reported in NSW

Malaria Plasmodium spp. * Vector: Anopheles mosquito Australia wide Thick and thin
o At risk: returned travellers films
Rickettsial Various - Rickettsia * Vectors: ticks, fleas, chigger (mites) e East coast of Australia, Serology
diseases australis, R. honei, o Atrisk: returned travellers (other including Flinders Island and
R. typhi, Orientia species) Tas
tsutsugamushi e South-eastern WA
Brucellosis Brucella suis ¢ Vector: pigs NSW, QId Serology
¢ At risk: pig hunters, abattoir workers
Psittacosis Chlamydia psittaci * Vectors: birds, especially parrots and | Australia wide Serology
pigeons
¢ Atrisk: bird keepers, cleaning bird
faeces
Leptospirosis Leptospira spp. ¢ Vectors: animals including native * Rare, but possibly Australia wide | Serology
animals and rodents ¢ Higher rates in Qld and northern
* At risk: abattoir and farm workers, NSW
returned travellers
Anthrax Bacillus anthracis Vectors: animals and animal products Anthrax belt - central Qld, to NSW | Serology
and northern Vic
Hendra virus Hendra virus * Vectors: flying foxes (Pteropus spp.) Qld Serology
infection infect horses (via bat urine)
¢ At risk: farm workers, horse riders
and owners
Tularaemia Francisella tularensis Vectors: rabbits, ringtail possums Typically in the northern Serology

and palpate the temporal arteries. Per-
form a thorough skin examination for
lesions and rashes, examine the small
joints for synovitis and palpate the mid-
line for spinal tenderness.
A systems review should otherwise be
conducted, and includes:
« examination of the fundi (stigmata
of endocarditis)

¢ ear, nose and throat examination,
including looking for mouth
ulcers, thyroid tenderness
(subacute thyroiditis) or nodules
(thyrotoxicosis)

o potentially, a genital or digital
rectal examination (abscess,
malignancy, epididymal
infection).

MedicineToday

Investigations and workflow

Data from a systematic review and
meta-analyses suggest no significant
difference in diagnostic outcome between
a structured (algorithmic) and a non-
structured (clues-led) approach to evalua-
ting PUO."” Therefore, a staged approach
to the classic PUO presentation is recom-
mended. What follows is a suggested set
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PYREXIA OF UNKNOWN ORIGIN continued I

Condition

Symptoms, signs and relevant history

TABLE 3. EXAMPLES OF RED FLAG CONDITIONS AND INVESTIGATIONS TO CONSIDER***

Investigations

Tuberculosis

* Travel to or time spent in endemic
region

e Night sweats

* Weight loss

e Chronic cough

* Haemoptysis

* Headache or altered
consciousness

e Sputum cultures for
mycobacterial culture

* HIV serology

e Chest x-ray and neuroimaging

Infective
endocarditis

* New cardiac murmurs or
symptoms of heart failure

* Known valvular pathology,
injecting drug use or recent dental

Blood cultures
Echocardiography

* Consider serology for
brucellosis, bartonellosis and

work Q fever if indicated by exposure
history
Giant cell * Polymyalgia rheumatica e Erythrocyte sedimentation rate
arteritis * Unilateral headache e Temporal artery biopsy
* Scalp tenderness
* Jaw claudication
* Visual changes or loss
Lymphoma * Lymphadenopathy e Full blood count with blood film
e Hepatosplenomegaly e Lymph node ultrasound
* B symptoms - night sweats, e CT of neck and chest
weight loss e Peripheral flow cytometry

of investigations that, together with any
diagnostic clues in the history and exam-
ination, should help tailor further inves-
tigations to the patient, according to
appropriate age-group, demographic and
exposure history.

In general, we suggest a doing a full
blood count, renal function with electro-
lytes and liver function tests, and meas-
uring C-reactive protein and erythrocyte
sedimentation rate. Urinalysis, three sets
of blood cultures (taken at different times
and, ideally, from at least two different
sites) and a chest x-ray should be per-
formed. Consider also rheumatoid factor,
anticitrullinated C-peptide, antinuclear
antibodies and thyroid function tests and
HIV serology. In younger patients, send
a monospot for heterophile antibodies,
cytomegalovirus and Epstein-Barr virus
serology, especially if there is any liver
function derangement. In any patient
with significant tuberculosis exposure
(living for longer than a month in an
endemic area), appropriate investigations
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for active tuberculosis should be under-
taken. An interferon gamma release assay
may be falsely negative in patients with
acuteillness and, when positive, will often
remain so lifelong. Further suggested
serologies are summarised in Tables 2
and 3.

In the primary care setting, recom-
mended imaging includes a contrast CT
of the chest, abdomen and pelvis to look
for an occult abscess, a malignancy or
lymphadenopathy. Targeted ultrasono-
graphy of the biliary or renal tracts, MRI
of the CNS, venous Doppler studies of the
lower limbs or transthoracic echocardi-
ography may be of use, depending on
results from the initial investigations or
history and examination, but would not
be considered routine.

When to refer for tertiary
investigations

There isarole for further nuclear imaging
(positron emission tomography with
2-deoxy-2-[fluorine-18]fluoro-D-glucose

JUNE 2023, VOLUME 24, NUMBER 6

integrated with computed tomography
[*FDG PET-CT], gallium scan, white
blood cell scan), biopsies of relevant
tissues (bone marrow aspirate and tre-
phine, biopsies of lymph nodes or skin
lesions) and molecular testing for infec-
tious aetiologies, which should be per-
formed with specialist input.

With regards to nuclear imaging,
FDG PET-CT has the most evidence to
support its use. As a widely available,
shorter duration and more sensitive test,
it has the potential to survey the whole
body for malignant, infectious or inflam-
matory sites of increased "fluoro-
deoxyglucose uptake. Evidence as to
which patients are best suited to *FDG
PET-CT is limited; however, some studies
recommend "FDG PET-CT especially
for febrile, older (>50 years) nonobese
patients with elevated inflammatory
markers." Gallium scans are limited by
availability, high radiation burden and
prolonged procedural duration (up to
72 hours), although many clinicians
find it a useful test. Single positron emis-
sion CT with radiolabelled white cells
has greater specificity for infectious aeti-
ologies, but is also laborious and, overall,
less sensitive for causes of PUO. A com-
parison of sensitivities and specificities
for nuclear imaging modalities is
included in Table 4.

Depending on the degree of suspicion
for an infectious aetiology, further molec-
ular testing of otherwise sterile sites may
be possible. Polymerase chain reaction
assays for bacteria (16s ribosomal RNA
gene) and fungi (28s rRNA gene) and
next-generation sequencing are available,
and could be considered with input from
an infectious disease specialist.’®

Principles of management and
take-home messages

It can be frustrating for both patients and
clinicians to have a prolonged period of
febrile symptoms and potentially negative
investigations. Despite this, it is prudent
to delay empirical treatment with anti-
microbials or immunosuppression in an
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TABLE 4. NUCLEAR IMAGING MODALITIES WITH PARAMETERS FOR DIAGNOSIS OF PUO*®

* Values expressed as pooled values.

Nuclear imaging modality Parameters (%)* Other comments
18FDG PET-CT e Sens: 84.4 » Shorter duration of test

e Spec: 61.8 * More widely available

* PPV:80.7

* NPV:67.8
Gallium scan e Sens: 42.4 * More specific

¢ Spec: 80.3 ¢ Limited resolution

* PPV:82.4 ¢ High radiation burden

* NPV:42.2 ¢ Prolonged duration, with imaging

required at 24 and 72 hours

SPECT with radiolabelled e Sens: 73.5 * Specific for infectious aetiologies
white cells * Spec: 86.3 ¢ Laborious

e PPV:79.1 ¢ Dual time point imaging

* NPV:82.4

Abbreviations: *®FDG PET-CT = ‘Fluoro-deoxyglucose positron emission tomography-computed tomography;
NPV = negative predictive value; PUO = pyrexia of unknown origin; PPV = positive predictive value; Sens = sensitivity;
SPECT = single positron emission computed tomography; Spec = specificity.

otherwise stable non-neutropenic and
nonimmunocompromised patient in
whom a diagnosis is not apparent and who
is not thought to be an acute risk of dete-
rioration without therapy. Given the ten-
dency for invasive bacterial or fungal
disease in neutropenic and immunocom-
promised patients, it is wise to commence
treatment in this population, including
antipseudomonal therapy after adequate
microbiological sampling and referral to
hospital.

In the setting of classic PUO, empirical
trials of corticosteroids, aspirin, antimicro-
bials and antineoplastics have been studied.
However, they are rarely indicated as they
may cause adverse drug effects and delay
diagnosis and appropriate therapy.” Trials
of empirical naproxen to distinguish
between malignant and nonmalignant
causes of fever have had mixed results.” If
red flags are present for infective endo-
carditis, tuberculosis or vasculitis, a case
may be made for empirical treatment after
appropriate sampling and with specialist
input."

The prognosis of PUO is ultimately
determined by the underlying cause and,
overall, the time taken to establish the
diagnosis does not appear to affect prog-
nosis. Mortality is less than 10%, and is

largely due to malignancy in older people.'®
In a small study of long-term follow up of
patients with PUQ, resolution of fever after
one month without a clear diagnosis was
associated with a favourable outcome and
no significant sequelae of the febrile
illness.”

Conclusion

PUO encompasses a heterogenous group
of febrile conditions and continues to
present a conundrum to the modern-day
clinician. Identifying the cause of PUO
should start with considering the most
likely diagnosis first. As such, a thorough
patient history should be taken and exam-
ination performed before moving on to
other investigations. Practice points on
the paradigm of workup of a patient with
PUO are presented in Box 2. The over-
arching recommendation is to withhold
treatment, provided there is no risk of
acute deterioration, until the cause is
determined so treatment can be tailored
appropriately. Mr

References
A list of references is included in the online version of
this article (www.medicinetoday.com.au).

COMPETING INTERESTS: None.

MedicineToday

2. PRACTICE POINTS: SUGGESTED
PARADIGM FOR WORKUP OF PATIENTS
WITH PYREXIA OF UNKNOWN ORIGIN

Individualise care

* Decide the setting to investigate -
inpatient or outpatient

Do not follow a predetermined
algorithm

Direct investigations towards localising
clues
Consider aetiologies

* Common causes according to age and
epidemiology

e Drug-induced fever
* Factitious fever

Re-evaluate

* Travel, occupation, sexual history,
hobbies, drug use

* Recent surgeries or procedures
* Re-examination

Refer for tertiary input
¢ Red-flag symptoms, signs or history
* Advanced imaging or biopsy indicated

e Consideration of therapeutic trial with
close follow up
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