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High fever, by Mats Eriksson

“Anyone who has experienced a viral 
or bacterial infection knows what it 

means to feel sick... (But) despite their 

impact on well-being, the symptoms of 
sickness are usually ignored.” 

“The behavior of sick animals and 
people is not a maladaptive 

response or the effect of debilitation, 

but rather an organized, evolved 
behavioral strategy to combat viral 

and bacterial infections.”

Benjamin Hart

Robert Dantzer

Mediadores
inflamatórios

Febre

Hiperalgesia / alodinia

Indisposição

Sono aumentado

Anorexia

“Sickness syndrome”
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THE OLDEST MEDICAL RECORD OF FEVER IN HUMAN CIVILIZATION

“Feeble pulse and fever are 
associated with hopeless 
injuries and deafness…”

Ancient civilizations tended to 
view fever as being induced 
by evil spirits. 

1700 BC Present day

Precise descriptions of febrile diseases: 
 Sustained fevers of pneumonia
 Intermittent fevers of malaria
 Stepwise rise in temperature in typhoid 

fever

Observations were made long before the advent 
of the clinical thermometer.

Fever caused by an excess of yellow bile which, 
like fire, was hot and dry. 

Believed in the beneficial effects of fever.

Present day

HIPPOCRATES OF KOS

400 BC

In the Old Testament, fever was 

part of God’s punishment for sins. 

Present day100 BC
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Present day200 AD

Embellished Hippocrites’ humoral 

theory.

Prevailing medical thinking until 

1.700 AD.

But belief that fever could be 

beneficial was gone. 

Led by François Broussais, 

physicians thought claimed that all 

fevers were caused by inflammation 

of the organs, and that leeches could 

be used to treat these fevers by 

removing blood from the parts of the 

skin closest to the affiliated organs.

LEECHES: AN EARLY NINETEENTH-CENTURY OBSESSION

1800

1867

FIRST CLINICAL THERMOMETER TO BECOME 
COMMERCIALLY AVAILABLE 

“Humanity has but three great enemies: 

fever, famine, and war; of these by far the 

greatest, by far the most terrible, is fever.”

(in the 47th annual meeting of the 

American Medical Association)

WILLIAM OSLER

1896
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Aspirin and other antipyretics have been extensively used since then.

They are still considered beneficial by most people, including healthcare 

professionals. 

1897

THE BIRTH OF 

ASPIRIN

1900

Thinking that fever could be a host defense 
mechanism reemerged. 

Late-stage syphilis patients began to be treated 
by infection with malaria.

This treatment was used until 1950s, when it 
was replaced by penicillin. 

FEVER HAS BEEN CONSERVED IN EVOLUTION

1970-1990

Hasday et al., Compr Physiol 4: 109, 2014. 

A FEBRE FOI CONSERVADA NO PROCESSO DE SELEÇÃO NATURAL
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PRIMEIRA EVIDÊNCIA DIRETA DO VALOR DA FEBRE

Matthew Kluger

1975
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Handbook of Clinical Neurology, Vol. 156 (3rd series)
Thermoregulation: From Basic Neuroscience to Clinical Neurology

Handbook of Clinical Neurology, Vol. 156 (3rd series)
Thermoregulation: From Basic Neuroscience to Clinical Neurology
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Handbook of Clinical Neurology, Vol. 156 (3rd series)

Temperatura ambiente

Defesa ao calorDefesa ao frio

Preferência
térmica

FEBRE É UM AUMENTO REGULADO

NA TEMPERATURA CORPORAL.

Tc = ~37ºC Tc > 38ºC

Thermoeffector responses during the course of LPS-induced fever in a rabbit. 

J Basic Clin Physiol
Pharmacol 1: 291-322, 1990

THE DISCOVERY OF THE ENDOGENOUS PYROGENS
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THE DISCOVERY OF THE ENDOGENOUS PYROGENS

Leukocytes

THE DISCOVERY OF THE ENDOGENOUS PYROGENS

(1970S)

Bacterial LPS

Fever

Endogenous
pyrogen

Leukocytic Pyrogen is the Same Molecule 
as Lymphocyte Activating Factor

1979 Sep 19;150(3):709-14



26/08/2025

CITOCINAS & FEBRE

Netea et al. Clin Infec Dis 2000

A FEBRE TEM INÍCIO NA IMUNIDADE INATA

Humanos voluntários

Wegner et al. Brain Behav Immun 2014

A FEBRE INDEPENDE DE LEUCÓCITOS CIRCULANTES

Tavares et al. J Leukoc Biol 2006

Leucopenia induzida 
por ciclofosfamina. 

Weinkove et al. Ann Hematol 2015

A FEBRE INDEPENDE DE LEUCÓCITOS CIRCULANTES
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“Initial examination 
revealed fever 
(temperature, 39.0ºC).”

A FEBRE INDEPENDE DE LEUCÓCITOS CIRCULANTES A FEBRE DEPENDE DE MACRÓFAGOS RESIDENTES

Am J Physiol 1993

PGE2 na febre

Descobriu que a PGE2 é um 
potente agente indutor de  

febre.

Descobriu que anti-inflamatórios 
não-estetroidais são inibidores 

da ciclooxigenase (COX), que 

por sua vez é essencial para a 
síntese de PGE2. 

COX na 
sickness
syndrome

Imagem de cayman.com

Febre
Anorexia

Sono

Sono
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CITOCINAS, PGE2 & FEBRE

Netea et al. Clin Infec Dis 2000

Febre

Mas como os sinais inflamatórios passam 
pela barreira hemato-encefálica?
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Romanovsky et al., Front Biosci 10:2193, 2005 Steiner & Romanovsky, Progress in Lipid Research 46 (2007) 89–107

Am. J. Physiol. 273: R407-R413, 1997 

PGE2

PLoS Biol. 2006 4(9):e284
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COX-2 no encéfalo

Sem inflamação

2,5 h após LPS (i.p.). 

Cao et al. Am J Physiol 1997

COX-2 em macrófagos perivasculares e 
células endoteliais cerebrais 

Lipossomas com clodronato (Clod-
Lips) eliminaram os macrófagos 
perivasculares, mas não as células 
endoteliais.

Serrats et al. Neuron 2010
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 ECTOTHERMIC SPECIES: Kluger et al. Fever and survival. Science 188: 

166-8, 1975.

 FEVER-RANGE HYPERTHERMIA: Jiang et al. Febrile core temperature is 

essential for optimal host defense in bacterial peritonitis. Infect Immun 68: 

1265-70, 2000.

 ANTIPYRETIC DRUGS: Husseini et al. Elevation of nasal viral levels by 

suppression of fever in ferrets infected with influenza viruses of differing 

virulence. J Infect Dis 145: 520-4, 1982.

 POIKILOTHERMY IN SEVERE INFECTION. Liu et al. Naturally occurring 

hypothermia is more advantageous than fever in severe forms of 

lipopolysaccharide- and Escherichia coli-induced systemic inflammation. Am 

J Physiol Regul Integr Comp Physiol 302: R1372-83, 2012. 
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ANIMAL RESEARCH

PRIMEIRA EVIDÊNCIA DIRETA DO VALOR DA FEBRE

Matthew Kluger

VALOR DA FEBRE EM FERRETS

J Infect Dis 145: 520-4, 1982
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VALOR DA FEBRE EM CAMUNDONGOS

Jiang et al., Infection and Immunity 68:1265, 2000

VALOR DA FEBRE EM CAMUNDONGOS

Jiang et al., Infection and Immunity 68:1265, 2000

CLINICAL RESEARCH CLINICAL RESEARCH
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VALOR DA FEBRE EM HUMANOS

 Estudo sobre antipiréticos em voluntários infectados com
rinovirus.

 Em relação aos pacientes que receberam placebo, pacientes
tratados com aspirina ou paracetamol apresentaram:

 Títulos mais baixos de anticorpos antivirais.

 Tendência de maior proliferação viral.

 Piores sintomas nasais.

J Pediatr. 114: 1045-8, 1989
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MECHANISMS Febre & imunidade inata

NETosis

Front Immunol. 2019 Oct 18;10:2374. 

Chemokine & Cytokine

Front Immunol. 2019 Oct 18;10:2374. 
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Febre & imunidade adiquirida: lymphocyte homing

Nat Rev Immunol. 2015 Jun;15(6):335-49

Lymphocyte homing

Nat Rev Immunol. 2015 Jun;15(6):335-49

Lymphocyte homing Febre & imunidade adiquirida: antigen presentation

IFN-γγγγ &
outras citocinas
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DC maturation

Int Immunol. 2003 Sep;15(9):1053-61

T cell proliferation

Int Immunol. 2003 Sep;15(9):1053-61

ENTÃO POR QUE A FEBRE-FOBIA? 

Em hospital nos EUA (Baltimore, MD)

 A visão de que a febre é a própria doença e

deve ser eliminada a qualquer custo persiste.

 56% dos entrevistados têm grande

preocupação com os efeitos prejudiciais da
febre.

 25% administram antipiréticos para febres

inferiores a 38,0ºC.

 Maior preocupação é com lesão cerebral e
convulsões.

Crocetti et al., Pediatrics 107:1241, 2007

FEBRE E CONVULSÕES: FATO OU MITO?

Antipiréticos não reduzem a recorrência de convulsões 
associadas a infecções em crianças.

Não há evidência de danos neurológicos em associação com a febres de até 42ºC.
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“Com base nas evidências experimentais e clínicas, é lógico recomendar
que medicamentos antipiréticos sejam evitados nos primeiros dias de 

uma infecção.”

“Uma estratégia mais permissiva com relação à febre pode reduzir as 

chances de infecções mais prolongadas e, consequentemente, de 

complicações.”
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CUSTO-BENEFÍCIO DA FEBRE

CustosBenefícios

↑ Consumo de substratos 

energéticos

↑ Fagocitose

↑ Consumo de oxigênio↑ Migração leucocitária

↑ Perda de água↑ Apresentação de antígenos

↑ Edema pulmonar↑ Proliferação linfocitária

↑ Endotoxemia↑ Produção de anticorpos

↑ Estresse oxidativoTira muitos microorganismos

da temperatura ótima 
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Hypothermia in sepsis

More 
severe
sepsis

Higher mortality

Hypothermia
?

More 
severe
sepsis

Hypothermia

Higher 
mortality

?
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What have we learned from animal models?

 The hypothermia prevails over fever when 
systemic inflammation is more severe. 

 The hypothermia begins early (before 
organ failure), and is often self-limiting and 

transient. 

 Rats seek cooler environments to develop 
hypothermia in severe systemic inflammation. 

In rats with endotoxic or septic shock:

 The hypothermia is NOT brought about by skin 
vasodilation.

 The hypothermia results from suppression of 
thermogenesis when thermogenic capacity is 

unimpaired. 

Temperatura ambiente

Defesa ao calorDefesa ao frio

Preferência
térmica

Tc = ~37ºC Tc > 38ºCTc < 36ºC
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J Physiol 592: 3901, 2014

Tissue hypoxia
detected only in 
the absence of 
hypothermia.

Assessment of
tissue hypoxia

Am J Physiol 302: R1372–R1383, 2012

Cell 2019 Apr 4;177(2):399-413.e12. Steiner & Romanovsky, Trends Endocrinol Metab 2019
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“A verdadeira dificuldade não 
está em aceitar ideias novas, 
mas em escapar das ideias 
antigas”.

"Discovery consists of seeing 
what everybody has seen and 

thinking what nobody has 
thought."

John Maynard Keynes (1883-1946)

Economista

Albert Szent-Gyorgyi (1893-1986)
Nobel Prize in Physiology or Medicine (1937) 


