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✧ Humanity has but three great enemies: fever, famine, and war; 
of these by far the greatest, by far the most terrible, is fever.

William 
Osler



Fever



Case

✧ 76 yo woman with ESRD on HD, HTN, CHF DM, comes in with temp of 100 
several nights a week for 2-3 months

✧ Feels tired in particular late in the day
✧ Other ROS and exam stable from before
✧ Does she have fever?
✧ Does she have FUO?



Case

✧ 26 yo man comes with report of chronic fever, states his temp reaches 
100 several nights a week for the last 2-3 months, when he started 
checking it because he felt tired

✧ A lot of stress in school, tired in particular late in the day, not sleeping 
well

✧ Other ROS and exam normal
✧ Does he have fever?
✧ Does he have FUO?



Mackowiak PA. Arch Intern Med 1998; 138 p 1870



Fever

✧ What is the normal body temperature?
✧ Fever is a temperature greater than….?
✧ Where is the temperature taken from?
✧ When in the day is it being obtained?
✧ Have things changed over time? Are we using obsolete definitions?
✧ Does it matter if the patient has symptoms or not?



Fever

✧ In 1868 Carl Wunderlich published “Das Verhaltenb der Eigenwarme in 
Krankenheiten” (the course of temperature in diseases)
� 1 million observations in 25K individuals
� Normal body temperature 98.6 F (37 C), range (97.2-99.5), 

established 100.4 F (38 C) as the upper limit of normal
� Recent tests with one of his thermometers suggests miscalibration 

and higher readings of as much as 2.6-4 F), also most were axillary
� Life expectancy 38, many had chronic infections at the time

Sapira’s Art and Science of Bedside Diagnosis. 



Fever

✧ Oral  
� Respiratory rate (tachypnea may increase 1-1.5 F), hot or cold 

meals/liquids, smoking, failure to keep mouth closed
� Less of an issue with new probes

✧ Axillary 
� Inaccurate, reported to be 0.5 F lower than oral

✧ Rectal 
� Usually 1 F higher than oral

✧ Ear
� 0.5-1 F higher than oral

✧ Forehead
� 0.5-1 F lower than oral



Fever, is the definition accurate?

✧ Study of 700 readings in 148 individuals in the 90s
� Mean oral temp 98.2, ULN 98.9 in AM and 99.9 in PM

✧ Compilation of 27 studies
� 35K individuals
� Mean oral temp 97.9 F (36.6 C), range 96.2-99.1
� Lower temp with age, comorbidities

Sapira’s Art and Science of Bedside Diagnosis. 
Obermeyer Z, et al. BMJ 2017; 359 j5468



Fever, is the definition accurate?

✧ Measurements in 3 cohorts over time, 67K measurements
� Union Army Veterans of the Civil War (23K, 1860-1940)
� NHANES (15K 1971-1975)
� Stanford Translational Research database (150K 2007-2017)

✧ Mean body temperature has decreased 0.05 F per decade (1.1 F lower 
than in 19th century)

✧ Basal metabolic rate has decreased
� Decrease in chronic infections, physical activity

Protsiv M, et al. eLIFE 2020; 9 e49555



Normal temperature since 1860



Fever

✧ Diurnal variation
� Highest 4-9 PM
� Lowest 2-8 AM

✧ Variations with age and sex
� Elderly average 1 F less than young people
� Women have slightly higher temps



Fever

✧ What is fever?
✧ Individualize the definition using clinical judgement



Fever of unknown origin



Fever of unknown origin (FUO)

✧ Petersdorf and Beeson in 1961
� Fever higher than 100.9 (38.3 C) on several occasions for 3 weeks or longer 

without an identifiable cause and with one week of study in the hospital
✧ Definition changed overtime

� Different groups have used different temps and durations of work up (2-3 
weeks)

� Not required to be in the hospital (or only 3 days or 3 outpatient visits), 
just an appropriate diagnostic evaluation

Wright WF. OFID 2020



Fever of unknown origin (FUO)

Wright WF. OFID 2020



Fever of unknown origin (FUO)

✧ Over 200 causes, 7-50% remain undiagnosed
✧ Infections
✧ Malignancies
✧ Autoimmune
✧ Miscellaneous
✧ Undiagnosed

REV ASSOC MED BRAS 2019; 65(8):1109-1115. Wright WF. OFID 2020



Etiology of FUO



Fever of unknown origin (FUO) over time

Mourad O, et al. Arch Intern Med 2003; 163:545



Fever of unknown origin (FUO)

✧ Changes in epidemiology, lower prevalence of some chronic infections
� Local epidemiology

✧ Availability of imaging
� Liver abscess and malignancies
� Endocarditis

✧ Availability of labs
� CTD
� Chronic infections
� PCR



Fever of unknown origin (FUO), 
initial evaluation

✧ History, history, history, and repeat the history
� Symptoms, very extensive ROS
� PMH, FH, meds, exposures, social history, trips, pets

✧ Exam and repeat the exam
� Eyes, nails, mouth, LN, skin, liver, spleen, genitals

✧ Initial imaging and labs
� Labs: routine and history guided, UA, CTD, inflammatory markers, ferritin, 

HIV
� Micro: history guided, blood cultures?
� Chest and abd/pelvis imaging, LE Doppler?, TTE?
� Pre-test probability and false positives

✧ Presence of diagnostic clues



What is that miscellaneous category again?

✧ Drugs
✧ Factitious
✧ Endocrine
✧ Thromboembolic disease
✧ Sarcoidosis, granulomatous hepatitis
✧ HLH/MAS
✧ Lymph node processes (Kikuchi)
✧ Central
✧ Hematoma
✧ Auto-inflammatory syndromes

� Familial periodic fevers
� Other

Hersch EC, et al. Am Fam Physician 2014; 90: 91



Fever of unknown origin (FUO), further 
evaluation

✧ Repeat the history and exam
✧ Labs

� Micro, PCRs, serologies (routine?, exposure-guided?)
� SPEP/IFE/FLC, Ig levels, CTD serologies, cryoglobulins, complement, 

peripheral smear, TFTs
✧ Echo
✧ Nuclear scan and/or PET 
✧ Tissue

� Directed
� Temporal artery
� Laparotomy
� Liver bx
� Bone marrow biopsy



Fever of unknown origin (FUO), further 
evaluation

✧ Repeated periodic evaluations
� Clues may appear over time, leading to further tests or ideas

✧ Consult with other people
✧ Consider genetic and/or autoinflammatory causes
✧ Empiric treatments?

� NSAIDs
� Other

✧ No diagnosis



FUO and PET

✧ Increasingly being used for evaluation, 
helpful in 15-70% of patients 

✧ In particular for patients without 
diagnostic clues, may help localize biopsy 
site or find organ involvement not 
obvious in history/exam, labs, or other 
imaging

✧ Better yield in those with elevated CRP 
and older age

✧ Infections (including prosthetic 
material), malignancy, inflammatory 
conditions

Schönau V, et al. Ann Rheum Dis 2018;77:70. Kouijzer IJE, et al. Semin Nucl Med 2017; 48:100



FUO and new molecular diagnosis tools



A few cases



Case

✧ 81 yo man with CHF, CAD, DM, presents with 2 months of fevers, 101-101.5
✧ ROS positive for bilateral shoulder and hip pain
✧ PCP gave him azithromycin without improvement
✧ On exam febrile, tender to palpation in shoulders and hips

✧ ESR 89, CRP 233.5, albumin 2.8

✧ Diagnosed with GCA and started on steroids with rapid improvement
✧ Given MTX as steroid sparing agent on follow up and did well



Giant cell arteritis

✧ Consider the diagnosis in older than 50, incidence increases after that
✧ Less common in minorities, female:male 2-3:1
✧ PMR in 50%: morning stiffness, aching in shoulders and hips
✧ Fever, headache, jaw claudication, visual symptoms, mild anemia and 

elevation of LFTs, high ESR and CRP
✧ Sometimes isolated to large vessels
✧ If GCA suspected get TA biopsy



Case

✧ 62 yo man comes as a transfer. He presented to an OSH with 3 weeks of 
fevers, fatigue, mild headache. Exam normal except for fever. Found to have 
WBC 7300 (55% L), AST 220, ALT 254, alk phos 205. TTE, cultures negative. CT 
mild hepatomegaly

✧ He undergoes liver biopsy that is read “doughnut granulomas”, then 
transferred here 

✧ Q fever negative
✧ CMV serologies and PCR positive, improves without treatment while waiting 

for results



CMV

✧ Mono-like
� EBV, CMV, toxoplasmosis, acute HIV, viral hepatitis, drugs

✧ CMV second most common cause after EBV
� Seroprevalence 40-100% of population, increases with age, 

varies with demographics. In the US 36% in 6-11, 91% in > 80
� Less likely to have LAP and sore throat
� In immunocompetent patients: fever and fatigue, occasional 

rash, rarely GI, CNS, heart
� Atypical lymphocytes, lymphocytosis, hepatitis

✧ Doughnut granulomas aka fibrin ring granuloma
� Q fever
� CMV, EBV, toxoplasmosis, HAV, leishmaniasis, Hodgkin, GCA, 

allopurinol



Case

✧ 41 yo woman, no PMH, admitted with 3 months of fever, also transient rash, 
nausea, and vomiting, fatigue, joint pain, sore throat, mild cough, on and off 
since then

✧ On exam shotty cervical LAP, hepatomegaly
✧ That night she spikes and the intern notes a salmon color rash in the chest

✧ WBC 17K, high ESR and CRP, ferritin 3500. Negative CXR and cultures, negative 
ANA and RF

✧ After appropriate work up including micro and imaging diagnosed with Adult 
onset Still’s disease (AOSD), treated with steroids followed by tocilizumab



AOSD, Yamaguchi criteria

✧ Major
� Fever > 102.2F for at least a week
� Arthralgias or arthritis for ≥ 2 weeks
� Nonpruritic macular or maculopapular  

rash
� WBC ≥  10K and ≥  80% granulocytes

✧ Minor
� Sore throat
� LAP
� Hepatomegaly or splenomegaly
� Abnormal LFTs
� Negative ANA and RF

✧ 5 including 2 major, exclude other dx



Case

✧ 35 yo man with IgA nephropathy on azathioprine presents with fevers of 103.2 
for 2 weeks. Also sore throat, cough, chills, malaise. At OSH pancytopenia, AKI 
requiring HD, blood cultures negative, no response to atb. 2 toddlers at home, 
trip to Argentina last year (Buenos Aires). Exam unremarkable.

✧ WBC 3.2 (17% N, 66 L), Hb 7, plt 90, alk phos 328, ALS 91, AST 112, ferritin 
4952, Alb 1.6, albumin 2.8

✧ Diagnosed with CMV and macrophage activation syndrome (MAS) and started 
on GCV steroids and anakinra with improvement. 



Hemophagocytic lymphohistiocytosis (HLH) / 
Macrophage activation syndrome (MAS)

✧ Uncontrolled immune activation, impaired NK  and cytotoxic lymphocytes fail to 
suppress activated macrophages, leading to excessive macrophage activity and high 
levels of cytokines

✧ Sporadic or following a trigger
✧ Familial
✧ Infection, malignancy, CTD, immunodeficiencies
✧ Clinical

� Fever, organomegaly, LAP, organ failure, hypotension, CNS



Hemophagocytic lymphohistiocytosis (HLH) / 
Macrophage activation syndrome (MAS)

✧ Labs
� Cytopenias, high LDH, coagulopathies, elevated LFTs
� High TG
� Low fibrinogen
� High ferritin (MAS ferritin)
� Evidence of hemophagocytosis
� Low or absent NK cell activity
� Elevation of soluble CD25 (soluble IL-2 receptor)

✧ Treatment
� Supportive
� Underlying etiology
� Steroids
� IL-1, IL-6 blockers
� Etoposide, cyclosporine, chemo
� BMT



Case

✧ 72 yo lady, h/o asthma, admitted with cough, dyspnea and fever up to 102 for 
3 weeks. Received levofloxacin without improvement, admitted.  Chest 
imaging showed mosaic attenuation, pancytopenia, some atypical 
mononuclear cells, high ferritin and LDH 

✧ No response to antibiotics, bone marrow normal, then dx with MAS, AKI, 
multiorgan failure, intubated, febrile, encephalopathic

✧ Repeated CT scan showed 2 hypodense splenic lesions and worsening lung 
infiltrates / ARDS

✧ Multiple HAI treated
✧ 3 months into her stay flow sent, concerning for intravascular lymphoma, skin 

biopsy non diagnostic, lung biopsy confirmed dx



Fever in the ICU



Lymphoma

✧ Different kinds, some with big lymph nodes, some not
✧ Some with HSM some not
✧ Some with BM abnormalities some not
✧ Some with easy diagnosis from tissue some not
✧ Some with rapid course, some not

✧ Some misdiagnosed as sarcoidosis
✧ Some misdiagnosed as EBV infection or other viral infection
✧ Some require 2-3 biopsies or more before a diagnosis is made
✧ PET may help target tissue for diagnosis



Intravascular lymphoma

✧ Lymphomatous process in wall of small blood vessels, many times without 
lymph nodes, masses or circulating lymphoma cells in peripheral blood

✧ Very difficult to diagnose, many times at autopsy
✧ Fever present in over half, including MAS/HLH
✧ Consider it in patients with lung, brain and skin manifestations
✧ Bone marrow involvement in 1/3 
✧ PET may show diffuse uptake in organs
✧ May have positive ANCA masking diagnosis
✧ Deep skin biopsy (including normal looking skin, 3 samples), lung biopsy, other 

tissue

UpToDate®



Intravascular lymphoma

Int J Hematol 2010; 91:146. Dermetnz.org



Case

✧ 85 yo man with metastatic lung SCC to bone, liver and abdomen, admitted 
with 1 week of fever difficulty walking and encephalopathy. On chemo, 
pancytopenic, exam non revealing. MRI consistent with small R basal ganglia 
infarct

✧ Managed as neutropenic fever, no response
✧ LP: WBC 65, 89% LMN, prot 255, glucose 46 (106 in blood)
✧ Treated as meningitis, PCCU, died
✧ Cerebrospinal fluid grew Mycobacterium tuberculosis 3 weeks later





Case

✧ 20 yo man with multiple episodes of fever, 
abdominal pain, and cellulitis, for the last 5-6 
years

✧ Has had 2 exploratory laparotomies with 
normal findings

✧ No symptoms in between episodes
✧ Periodic fever genetic panel showed mutation 

in MEFV gene
✧ Diagnosed with familial Mediterranean fever



Autoinflammatory syndromes

✧ Dysregulations of the innate immune system, inflammasomes, IL-1β pathway, 
protein folding, NF-kβ, cytokines, interferonopathies

✧ Most are monogenic autoinflammatory diseases causing periodic fever 
syndromes

✧ Other not familial or only weak familial component

Acta Paediatrica 2016; (105): 1140. Nature Immunol. 2017;18:832 



Monogenic autoinflammatory syndromes

Iran J Allergy Asthma Immunol, Autumn 2016/ 
434 



Monogenic autoinflammatory syndromes

Iran J Allergy Asthma Immunol, Autumn 2016/ 
434 



Monogenic periodic fevers in adults

✧ TNF-receptor associated periodic fever 
(TRAPS)
� Mutations in type 1 TNF receptor 

gene, AD
� Scottish, Irish, other, usually onset 

<20 y
� Attacks usually last several days
� Fever, conjunctivitis, localized 

myalgias and rash

✧ Familial Mediterranean Fever (FMF)
� Mutations in Mevalonate kinase 

gene (MEFV), AR
� Jewish, Turkish, Armenian, Arab, 

usually onset <20 y
� Attacks usually < 3-4 days
� Fever, serositis, scrotal 

involvement, erysipelas-like 
erythema

Drenth JPH. N Engl  J Med 2001; 345:1748. Medicine 2002; 81: 349



TRAPS and FMF

✧ TRAPS ✧ FMF

Medicine 2002; 81: 349. J Rheumatol 2014; 41:2271



Undifferentiated autoinflammatory syndromes

✧ uSAID: undifferentiated systemic autoinflammatory syndrome
✧ No mutations found, no family history, any age
✧ Periodic fevers, myalgias, arthralgias or arthritis, rashes, headaches, aphthous 

ulcers, LAP, fatigue, malaise, serositis, GI, headaches
✧ Response to colchicine, anakinra, tocilizumab, steroids
✧ Diagnosis of exclusion and over time may evolve to a specific diagnosis

Harrison SR, et al. JCI Insight 2016; 1:e86336



Undifferentiated autoinflammatory syndromes

Harrison SR, et al. JCI Insight 2016; 1:e86336



Conclusions

✧ History, history, history
✧ Exam
✧ Repeat the above periodically, follow up is very important
✧ Stepwise approach to evaluation
✧ Beware of sending tests without thinking about pre-test probability and possibility 

of false positives
✧ The longer it lasts the less likely it is malignancy or infection (TB, Whipple’s)
✧ Role for PET
✧ After very extensive work up may be reasonable to try empiric anti-inflammatory 

treatments in consultation with experts


