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Fever Mechanism

Common sense Reality

INTRODUCTION

Fever = Disease

Fever has to end whatever it costs!

Fever is an increase in body temperature

Fever is an evolutive mechanism 

Elevated body temperature is an indispensable

component of the febrile response, it is not

synonymous with fever          

Orchestrated by endocrine, neurological,

immunological and behavioural mechanism

Fever is accompanied by various sickness

behaviours, changes in metabolic and

physiological characteristics

Important to the pathogenesis, clinical

presentation and outcome of many diseases
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MALARIA



Vectorial parasitic diseases transmitted by infected female

Anopheles mosquitoes genus caused by protozoans of

Plasmodium genus. 

MALARIA

Currently, there 5 etiological agents associated with malaria in

humans:

P. falciparum

P. vivax

P. malariae

P. ovale subspecies

P knowlesi* (zoonotic)

Concerning with other 200 zoonotic species,  specially P. simium

and P. cynolmogi

Garcia, 2010; Kantele et al, 2011; White et al, 2014



Clinical cases of P. falciparum

in 2022

EPIDEMIOLOGY

Clinical cases of P. vivax in

2022



LIFE CYCLE OF
PLASMODIUM

Metaxenic cycle;

P. vivax had a latent form in

host liver: hypnozoite;

Symptomatic detection by

fever on erytrocitic stage.

Plasmodium species infects

differentially Red Blood Cells

(RBCs) by cytoadhesion

Chahine et al, 2022; CDC, 2024



PLASMODIUM 
Invasion

Invasion is an important way to differentiate

Plasmodium infection and progression

E.g, P. falciparum recognizes distinct many

host receptors.

P. vivax recognizes reticulocytes and Duffy

host receptors

On PVM (7), merozoites divides until guides to

PVM and RBC lysis

Grau et al., 1992;



Pathogenesis  of Malaria Fever

Immunogical detection by innate

response cells recognition of merozoite’s

parasitaemia, var genes (mainly

P.falciparum), antigenical debries

(hemozoin and GPI);

DCs and activated macrophages are the

main cells to inducing fever by

proinflammatory cytokines;

Adaptative response acts on free

merozoites and infected RBCs respectly

by antibodies production and CD8+

cytotoxic response



Malaria Fever

Fever pattern of distinct Plasmodium 



Factors to malaria progression

Miller et al., 2006



Progression to Severe Malaria
Adaptive response is not effective by tools of

evasion or infection routes

Expression of var and rif genes

Non treated individues

CD36 and ICAM-1 alteration on infected RBCs

on P.falciparum infection drives

cytoadherence and rosetting of infected/non-

infected RBCs on specificic endotellium

vessels

P.vivax can turns erytrochtes more flexible,

avoiding spleen RBCs removal

Edema, anemia and endotellium dysfunction

Udomsangpetch et al., 2002; Li et al.,

2016, Hadjailou et al., 2023



Progression of Severe Malaria

P. falciparum

P. vivax

P. malariae

P. knowlesi

P. ovale

CM

Cognitive impairment

Leucocyte influx

Respiratory dysfunction

RBCs and MNC cytoadherence

Endothellium activation

Edema

Renal failure

Souza et al. 2016



Placental  malaria characteristic

Related to P. falciparum

infection on first and second

pregnancy

Absence of general fever, only

by localizated fever

Cytoadhrence guides to

excessive apoptosis

If non diagnosed and treated,

the fetus/baby could be

aborpted
Schofield et al. 2005. Sharma & Shukla, 2017



DENGUE



Currently, there are 4 DENV serotypes that can cause

dengue in humans                 DENV1, DENV2, DENV3

and DENV4

Viral diseases transmitted by infected female Aedes

aegypti mosquitoes genus caused by Dengue virus

(DENV). 

DENGUE



EPIDEMIOLOGY
Endemic to tropical and sub-tropical regions, especially in Latin America

Now, is reaching North America and Europa too

https://www.healthmap.org/dengue/en/

https://www.healthmap.org/dengue/en/


EPIDEMIOLOGY
Historical series of probable cases

Boletim Epidemiológico - Volume 55 - nº 11

https://www.healthmap.org/dengue/en/


Family of Flaviviridae, genus Flavivirus

RNA genome of ~11kb

3 structural proteins:

Capsid (C)

Premembrane (prM)

Envelope (E)

7 nonstructural proteins

DENGUE VIRUS

Khetarpal N, et al, 2016



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4493616/

Global map of the predicted distribution of Ae. aegypti

DENGUE VECTOR

Aedes aegypti

transmit DENV, yellow fever virus and chikungunya 



Dengue Shock
Syndrome (DSS)

Critical plasma loss, a rapid, weak pulse

with narrowing pulse pressure, cold

clammy skin, and restlessness. The

patient may die within 12–24 h of going

into shock or recover rapidly with

volume replacement therapy.

THE SYMPTOMS

Dengue Hemorrhagic
Fever (DHF)

DF symptoms along with

thrombocytopenia, hemorrhagic

manifestations and plasma leakage

The critical phase is usually reached at

the end of febrile illness, marked by

rapid decrease in temperature and

often accompanied by circulatory

disturbances including plasma

leakage, hemoconcentration, and

thrombocytopenia

The patient does not exhibit any

clinical manifestations

Asymptomatic Dengue Fever (DF)
Self-limiting fever, lasting usually for 5-7

days, sometimes can be debilitating

during the acute illness stage and the

clinical features of DF vary according to

the age of the patient. Usualyy patients

apresent headache, retroorbital pain,

myalgia, arthralgia, nausea, vomiting,

and petechiae



PATHOGENESIS

Kraemer MU et al, 2025

Mosquitoes:

The primary targets the midgut epithelium, and

then spreads to salivary glands

Humans:

Infects and replicates in the cells of

mononuclear lineage like monocytes, dendritic

cells, macrophages and Langerhans cells

Model of Flavivirus Cell Entry:

Attachment factors and primary receptors

Endocytic pathway

Infection:

Lymph nodes

Viremia - liver, lungs, spleen and bone marrow



IMMUNE RESPONSE

Muhammad Bilal Khan et al, 2023

First Infection
Macrophages and dendritic cells, detect the presence of the virus

and release as IL-1β, IL-6 and TNF-α
This infection is characterized by IgM and IgG high levels, against

protein E 

IgM is transient, disappearing after 2-3 months after exposure, and

IgG persists for the rest of life, but it do not give immunity to others

serotypes

Second Homotypic Infection 
DENV is quickly neutralized by antibodies produced by

immunological memory cells



IMMUNE RESPONSE
Second Heterotypic Infection

Normally causes DF, but 2-3% cases evolve to DHF, that can

progress to DSS 

ADE:

Antibodies forms complexes with the DENV, promoting the

virus's access to monocytes via Fc receptors, leading to an

increase in viral load and disease severity

One hypothesis is that FcR-γ mediated entry suppresses the

antiviral immune response

Cross Reactive T Cells:

Produce high concentrations of pro- and anti-inflammatory

cytokines

High plasmatic levels of IL-1β, IL-2, IL-4, IL-6, IL-7, IL-8, IL-10, IL-

13, IL-18, TGF-1β, TNF-α e IFN-γ

Muhammad Bilal Khan et al, 2023



YELLOW
FEVER



Viral hemorrhagic fever

Yellow fever virus, the prototype species in

the Flavivirus genus (Flaviviridae family)

Yellow eyes, jaundice

Transmitted via mosquitoes of the

Haemogogus, Sabethes and Aedes genera

Origin in Africa 

YELLOW FEVER



Yellow fever (YF) was one of the most dangerous infectious diseases of the 18th

and 19th centuries, resulting in mass casualties in Africa and the Americas.

The discoveries (in 1900) that mosquitoes were responsible for transmission and

that the disease was preventable by vector control, as well as the development of

the YFV-17D vaccine (in the 1930s), have reduced both the fear associated with

the disease and its medical impact, since the urban cycle was erradicated.

However, yellow fever remains an endemic and epidemic disease problem

affecting thousands of people in tropical Africa and South America, and is a

continued threat to people who travel to these regions without vaccination.

HISTORY AND EPIDEMIOLOGY

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/vaccination-policy


EPIDEMIOLOGY
Endemic to tropical and sub-tropical regions of South America and Africa. Annually, there are approximately 80,000–

200,000 YFV cases worldwide. The number of fatalities annually is commonly estimated as 30,000–60,000 

Douam F, Ploss A. Yellow Fever Virus: Knowledge Gaps Impeding the Fight Against an Old Foe.Trends Microbiol. 2018



YFV CHARACTERISTICS

positive-sense, single-stranded

RNA virus

enveloped virus

3 structurual proteins: C- core, PrM,

E glycoprotein= viral coat

7 NS proteins 

Douam F, Ploss A. Yellow Fever Virus: Knowledge Gaps Impeding the Fight Against an Old Foe.Trends Microbiol. 2018



CELL INFECTION MECHANISM

Douam F, Ploss A. Yellow Fever Virus: Knowledge Gaps Impeding the Fight Against an Old Foe.Trends Microbiol. 2018

neutralising antibodies against E

NS3 --> cytotoxic T cells

NS1 --> cytotoxic antibodies



ILNESS STAGES

Period of incubation (3-6 days aftes bite)

Period of viremia or infection (3-5 days)

Period of remission (12h-2 days)

Period of intoxication (15–25% of people)



PATHOGENESIS

Douam F, Ploss A. Yellow Fever Virus: Knowledge Gaps Impeding the Fight Against an Old Foe.Trends Microbiol. 2018

Monath TP. Yellow fever: an update. Lancet Infect Dis. 2001

VISCEROTROPISM

TH1 CD4+

TH3 CD4+



IMMUNE RESPONSE

Quaresma JA, Pagliari C, Medeiros DB, Duarte MI, Vasconcelos PF. Immunity and immune response, pathology and pathologic changes: progress and challenges in the immunopathology of yellow fever. Rev Med Virol. 2013



TYPHOID
FEVER

Fisiopatologia das doenças infecciosas



S.TYPHI EPIDEMIOLOGY

https://pubmed.ncbi.nlm.nih.gov/36795626/



S.TYPHI EPIDEMIOLOGY

An estimated 11–21 million typhoid fever cases and 148,000–

161,000 associated deaths occurred in 2015. The World Health

Organization (WHO) recommends safe, effective typhoid

conjugate vaccines (TCV) for typhoid fever control.

Population-based and modeling studies confirm high typhoid

incidence in the WHO South-East Asian, Eastern

Mediterranean, and African regions. Since 2018, five countries

have introduced TCV into their national routine immunization

schedule.



S.TYPHI CHARACTERISTICS

Gram-negative

Aerobic

Flagellated

Fast-growing bacillary bacteria.



SYMPTOMS
Typhoid fever caused by S.Typhi has nonspecific clinical features, including

symptoms such as malaise, which can complicate the diagnosis.

Local pain: in the abdomen or muscles

In the gastrointestinal tract: constipation,

diarrhea, bloating, nausea, bleeding, blood

in the stool or vomiting

In the body: fever, chills, fatigue, malaise or

loss of appetite

Also common: headache, muscle

weakness, internal bleeding, irritation with

small red spots, skin irritation or weight loss



INFECTION CICLE BY S. TYPHI IN
THE HOST

https://www.researchgate.net/publication/375113336_Strategies_adopted_by_Salmonella_to_survive_in_host_a_review



INFECTION
MECHANISMS
Salmonella effectors secreted by its T3SS1 protein

complex promote the invasion of host cells

https://www.researchgate.net/publication/375113336_Strategies_adopted_by_Salmonella_to_survive_in_host_a_review



INFECTION
MECHANISMS
Salmonella inhibits the autophagic

clearance of host cells

https://www.researchgate.net/publication/375113336_Strategies_adopted_by_Salmonella_to_survive_in_host_a_review



INFECTION
MECHANISMS
Salmonella infection upregulates

hepcidin production by host cells to

inhibit iron export and promote

intracellular replication

https://www.researchgate.net/publication/375113336_Strategies_adopted_by_Salmonella_to_survive_in_host_a_review



IMMUNOLOGICAL
MECHANISMS
Simple diagram of immunity to S. Typhi in

humans.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4209864/



COMPARISON
OF FEVERS



DISEASES

Duration

Body
temperature

Patterns

Pyrogens

8-30 days

40ºC to 41ºC

Intervaled fever
(tertian or quartian) 

Dengue

5-7 days

39° to 40°C

IL-1 and IL-6

Yellow Fever

3-5 days 

39°C

TNF-α

Typhoid Fever

3-4 weeks (if
untreated)

39° to 40°C

IL-1 and IL-6

Malária

Endogenous: 
TNF-α, IL-1 

and IL-6
Exogenous:

Hemozoin and GPI



References
Ogoina D. Fever, fever patterns and diseases called 'fever'--a review. J Infect Public Health. 2011

Aug;4(3):108-24. doi: 10.1016/j.jiph.2011.05.002. Epub 2011 Jun 14. PMID: 21843857.

Khetarpal N, Khanna I. Dengue Fever: Causes, Complications, and Vaccine Strategies. J Immunol Res.

2016;2016:6803098. doi: 10.1155/2016/6803098. Epub 2016 Jul 20. PMID: 27525287; PMCID:

PMC4971387.

Kularatne SA, Dalugama C. Dengue infection: Global importance, immunopathology and

management. Clin Med (Lond). 2022 Jan;22(1):9-13. doi: 10.7861/clinmed.2021-0791. PMID: 35078789;

PMCID: PMC8813012.

Muhammad Bilal Khan, Zih-Syuan Yang, Chih-Yen Lin, Ming-Cheng Hsu, Aspiro Nayim Urbina,

Wanchai Assavalapsakul, Wen-Hung Wang, Yen-Hsu Chen, Sheng-Fan Wang. Dengue overview: An

updated systemic review. Journal of Infection and Public Health. Volume 16, Issue 10. 2023. Pages

1625-1642. https://doi.org/10.1016/j.jiph.2023.08.001.

Martina BE, Koraka P, Osterhaus AD. Dengue virus pathogenesis: an integrated view. Clin Microbiol

Rev. 2009 Oct;22(4):564-81. doi: 10.1128/CMR.00035-09. PMID: 19822889; PMCID: PMC2772360.



References
Kraemer MU, Sinka ME, Duda KA, Mylne AQ, Shearer FM, Barker CM, Moore CG, Carvalho RG, Coelho

GE, Van Bortel W, Hendrickx G, Schaffner F, Elyazar IR, Teng HJ, Brady OJ, Messina JP, Pigott DM,

Scott TW, Smith DL, Wint GR, Golding N, Hay SI. The global distribution of the arbovirus vectors Aedes

aegypti and Ae. albopictus. Elife. 2015 Jun 30;4:e08347. doi: 10.7554/eLife.08347. PMID: 26126267;

PMCID: PMC4493616.

https://www.healthmap.org/dengue/en/

Boletim Epidemiológico - Volume 55 - nº 11

Li W, Ren Q, Ni T, et al. Strategies adopted by Salmonella to survive in host: a review. Arch Microbiol.

2023;205(12):362. Published 2023 Oct 31. doi:10.1007/s00203-023-03702-w

Sztein MB, Salerno-Goncalves R, McArthur MA. Complex adaptive immunity to enteric fevers in

humans: lessons learned and the path forward. Front Immunol. 2014;5:516. Published 2014 Oct 27.

doi:10.3389/fimmu.2014.00516

Hancuh M, Walldorf J, Minta AA, et al. Typhoid Fever Surveillance, Incidence Estimates, and Progress

Toward Typhoid Conjugate Vaccine Introduction - Worldwide, 2018-2022. MMWR Morb Mortal Wkly

Rep. 2023;72(7):171-176. Published 2023 Feb 17. doi:10.15585/mmwr.mm7207a2



References
de Andrade DR, de Andrade Júnior DR. Typhoid fever as cellular microbiological model. Rev Inst Med

Trop Sao Paulo. 2003;45(4):185-191. doi:10.1590/s0036-46652003000400002

Douam F, Ploss A. Yellow Fever Virus: Knowledge Gaps Impeding the Fight Against an Old Foe. Trends

Microbiol. 2018 Nov;26(11):913-928. doi: 10.1016/j.tim.2018.05.012. Epub 2018 Jun 19. PMID: 29933925;

PMCID: PMC6340642.

Litvoc MN, Novaes CTG, Lopes MIBF. Yellow fever. Rev Assoc Med Bras (1992). 2018;64(2):106-113.

doi:10.1590/1806-9282.64.02.106

Monath TP. Yellow fever: an update. Lancet Infect Dis. 2001;1(1):11-20. doi:10.1016/S1473-

3099(01)00016-0

Quaresma JA, Pagliari C, Medeiros DB, Duarte MI, Vasconcelos PF. Immunity and immune response,

pathology and pathologic changes: progress and challenges in the immunopathology of yellow fever.

Rev Med Virol. 2013;23(5):305-318. doi:10.1002/rmv.1752



References
Souza, Mariana & Padua, Tatiana & Henriques, Maria. (2016). Multiple Organ Dysfunction During Severe

Malaria: The Role of the Inflammatory Response. 10.5772/65348. 

Li, Iris & Cheung, Louis. (2016). How Not to Miss a Case of Malaria in Emergency Department in Malaria

Non-Endemic Areas? Practical Approach & Experiences in Hong Kong. Open Journal of Emergency

Medicine. 04. 93-109. 10.4236/ojem.2016.44012. 

Miller, L., Baruch, D., Marsh, K. et al. The pathogenic basis of malaria. Nature 415, 673–679 (2002).

https://doi.org/10.1038/415673a

Oakley MS, Gerald N, McCutchan TF, Aravind L, Kumar S. Clinical and molecular aspects of malaria

fever. Trends Parasitol. 2011 Oct;27(10):442-9. doi: 10.1016/j.pt.2011.06.004

Hadjilaou, A., Brandi, J., Riehn, M. et al. Pathogenetic mechanisms and treatment targets in cerebral

malaria. Nat Rev Neurol 19, 688–709 (2023). https://doi.org/10.1038/s41582-023-00881-4

Garcia LS. Malaria. Clin Lab Med. 2010 Mar;30(1):93-129. doi: 10.1016/j.cll.2009.10.001. PMID: 20513543.

White NJ, Pukrittayakamee S, Hien TT, Faiz MA, Mokuolu OA, Dondorp AM. Malaria. Lancet. 2014 Feb

22;383(9918):723-35. doi: 10.1016/S0140-6736(13)60024-0. 



References
Udomsangpetch R, Pipitaporn B, Silamut K, Pinches R, Kyes S, Looareesuwan S, Newbold C, White NJ.

Febrile temperatures induce cytoadherence of ring-stage Plasmodium falciparum-infected

erythrocytes. Proc Natl Acad Sci U S A. 2002 Sep 3;99(18):11825-9. doi: 10.1073/pnas.172398999. 

Long CA, Zavala F. Immune Responses in Malaria. Cold Spring Harb Perspect Med. 2017 Aug

1;7(8):a025577. doi: 10.1101/cshperspect.a025577.

Schofield, L., Grau, G. Immunological processes in malaria pathogenesis. Nat Rev Immunol 5, 722–735

(2005). https://doi.org/10.1038/nri1686

Sharma L and Shukla G (2017) Placental Malaria: A New Insight into the Pathophysiology. Front. Med.

4:117. doi: 10.3389/fmed.2017.00117



Thank
you!

Do you have any questions?


