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FEVER:

MALARIA, DENGUE,
YELLOW FEVER AND
TYPHOID FEVER




INTRODUCTION

Common sense

e« Fever = Disease
e Fever has to end whatever it costs!
o Feveris anincrease in body temperature

Reality

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 Iin metabolic and
physiological characteristics

Important to the pathogenesis, clinical
presentation and outcome of many diseases




FEVER MECHANISM
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FEVER MECHANISM
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MALARIA

Vectorial parasitic diseases fransmitted by infected female
Anopheles mosquitoes genus caused by protozoans of
Plasmodium genus.

Currently, there 5 etiological agents associated with malaria in
humans:

P. falciparum

P. vivax

P. malarige

P. ovale subspecies
P knowlesi* (zoonotic)

Concerning with other 200 zoonotic species, specially P. simium
and P. cynolmogi

Garciqg, 2010;: Kantele et al, 2011: White et al, 2014 e




EPIDEMIOLOGY
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LIFE CYCLE OF
PLASMODIUM

Metaxenic cycle;

P. vivax had a latent form in
host liver: hypnozoite;

Plasmodium species infects
differentially Red Blood Cells
(RBCs) by cytoadhesion

Chahine et al, 2022: CDC, 2024 p




PILASMODIUM
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
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Malaria Fever
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Factors to malaria progression

Parasite factors Host faciors Geographic and social factors
Drug resistance Imrmunity Access to treatment
Multiplication rate Proinflammatory cytokines Cultural and economic faciors
Invasion pathways Genetics (sickle cell trait, Paolitical stability
Cytoadherence thalassaemia, ovalocytosis, Transmission intensity
Rosetting Gerbich RBC, CD36, TNF-c, [Anopheles spp., seasonality
Anfigenic polymorphism ICAM-1, CR1, MHC locus) of trarsmission, infectious

Anfigenic variation (PFEMP1) Age (no cerebral malaria im infants) bites per year, epidemics)
Pdalaria foxin Pregnancy

Clinical outcome

Asymptomatic infection Fever Sayvere malana Death
(symplomatic [metabolic acidosis, severe
infection] anaemia, cerebral malaria)

Miller et al., 2006

p




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
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Souzaetal.2016




Placental malaria characteristic
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DENGUE

Viral diseases transmitted by infected female Aedes

aegypti mosquitoes genus caused by Dengue virus
(DENV).

Currently, there are 4 DENV serotypes that can cause
dengue in humans > DENV1, DENV2, DENV3
and DENV4




EPIDEMIOLOGY

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

_—

Now, is reaching North America and Europa too

{

f-ﬁ-

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



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

Casos provaveis de dengue, chikungunya e Zika
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EPIDEMIOLOGY
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https://www.healthmap.org/dengue/en/

DENGUE VIRUS

Immature s ™ Mature

Viral membrane

| /\ +—> Target

membrane

Fusion active trimer

Khetarpal N, et al, 2016

ER lumen

NS1 (48}

Cytoplasm N53 (70}

o Family of Elaviviridae, genus Elavivirus
« RNA genome of ~11kb
e 3 structural proteins:
o Capsid (C)
o Premembrane (prM)
o Envelope (E)
e 7 nonstructural proteins




DENGUE VECTOR

Global map of the predicted dls’rnbu’rlon of Ae. aegypti

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

e Aedes aegypti
o transmit DENYV, yellow fever virus and chikungunya




THE SYMPTOMS

e Dengue Fever (DF)

Self-limiting fever, lasting usually for 5-7
days, sometimes can be debilitating
during the acute iliness stage and the
clinical features of DF vary according to

. the age of the patient. Usualyy patients
e Dengue Hemorrhagic apresent headache, retroorbital pain,

Fever (DHF! myalgia, arthralgia, nauseaq, vomiting,

and petechiae

e Dengue Shock
Syndrome (DSS)

Critical plasma loss, a rapid, weak pulse

e Asymptomatic

The patient does not exhibit any
clinical manifestations

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 femperature and with narrowing pulse pressure, cold
often accompanied by circulatory clammy skin, and restlessness. The
disturbances including plasma patient may die within 12-24 h of going
leakage, hemoconcentration, and into shock or recover rapidly with

thrombocytopenia volume replacement therapy.




PATHOGENESIS

Mature dengue virion
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Mosqgulifoes:

o The primary targets the midgut epithelium, and

then spreads to salivary glands
Humans:

o Infects and replicates in the cells of

mononuclear lineage like monocytes, dendritic
cells, macrophages and Langerhans cells

Model of Flavivirus Cell Entry:

o Attachment factors and primary receptors

o Endocytic pathway
Infection:

o Lymph nodes

o Viremia - liver, lungs, spleen and bone marrow




CD8 T cell B cell

;___
-4

Memory

Homotypic
re-infectiy

life-long immunity

Memory T and B cells
proliferation

\ Py 4
i ()
) *’ ;ﬂ@ N
=X
T cell-mediated killing Neutralization
of the target cell of DENV

Muhammad Bilal Khan et al, 2023

IMMUNE RESPONSE

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

and release as IL-1[3, IL-6 and TNF-a

e This infection is characterized by IgM and IgG high levels, against
protein E

e IgMis 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
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Second Heterotypic Infection

e Normally causes DF, but 2-3% cases evolve to DHF, that can
progress fo DSS
e ADE:

o 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

o One hypothesis is that FcR-y mediated entfry suppresses the
antiviral immune response

e Cross Reactive T Cells:

o Produce high concentrations of pro- and anti-inflammmatory
cytokines

o High plasmatic levels of IL-1(3, IL-2, IL-4, IL-6, IL-7, IL-8, IL-10, IL-
13,IL-18, TGF-13, TNF-a e IFN-y
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YELLOW FEVER

 Viral hemorrhagic fever

« Yellow fever virus, the prototype species in
the_Elavivirus genus (Elaviviridae family)

« Yellow eyes, jaundice

« Transmitted via mosquitoes of the
Haemogogus, Sabethes and Aedes genera

o Origin in Africa




HISTORY AND EPIDEMIOLOGY

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



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 commmonly estimated as 30,000-60,000

Guyana
m:; m"...?l?: French Guinea ST T2 AT
L ERSE- LET
TR DE1%

TR o Borbing Fako =

1ol el L S
Equador i
JRUTN
-a-l-'-iﬂ

: PO s—
188 3 ENEHS
1985; 405738%
10 1SS
- Balivia ——
195 18087
TS 1 : T —
11102 E et 3502 5% [Doanouse]| [1877-167a: | 100e:
1M LT 1% AT I |
Sk IParﬂiulr :l Ta2A5% Himrs
20 Ry g S\ e iy 1 LR
(612 millicn) TABEY 2016
Sa0 Paule b
{12 milion] R
B g Angsia
Argenting 0§ 201E:
iy, BRI
ﬁ-d.l-g.-nl.r
Humbar of cases |:| Mo rink of tranaminsion
Chilg Craguiay y I Lo risk of tranamission
4 |:|H|:-r|-|-r|-|:|-|-rr|-ln|:.|-|:r|-|-'llh~|-.|
-Er:-i-l:lrl.l
i
-.'l__":r Country with magsr culbroak|a) sice 195 ] Mozamibigue
] s () Location of mest retest outbreaks [2003-207) o Tenried
. L | Wi o Sitisread:
] i Box definEizn: i casnCER

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




positive-sense, single-stranded
RNA virus

enveloped virus

3 structurual proteins: C- core, PrM,
E glycoprotein= viral coat

/7 NS proteins

5'NCR
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CELL INFECTION MECHANISM
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e« NS3 --> cytotoxic T cells
e NST --> cytotoxic antibodies

_____

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




ILNESS STAGES

YELLOW FEVER CLINICAL PERIODS

Period of incubation (3-6 days aftes bite)

Period of viremia or infection (3-5 days) ——m—
Period of remission (12h-2 days) M
Period of intoxication (15—25% of people) E_,E?;fahe’ M

Viremia /_,N—._,\.\L“

Albuminuria

Oliguria

Jaundice

Hemeorrhage

Neutralizing
antibody

! : : |
1 2 3 4
Source:Adapted of WHO

intoxication

] 1 |
7 8 9
Days of illness




PATHOGENESIS
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IMMUNE RESPONSE

Pl b
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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




Fisiopatologia das doencas infecciosas

TYPHOID
FEVER




S.TYPHI EPIDEMIOLOGY

'/ ] <10 Introduced TCV
.~ [@ 10-<100

[ 100-<500

B =500

[] Not available
B Not applicable

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 conftrol.

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 infroduced TCV into their national routine immunization
schedule.




S.TYPHI CHARACTERISTICS

Gram-negative

e Aerobic

e Flagellated

e 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.

e Local pain: in the abdomen or muscles

e In the gastrointestinal tract: constipation,
diarrheq, bloating, nauseq, bleeding, blood
in the stool or vomiting

e In the body: fever, chills, fatigue, malaise or
loss of appetite

e Also common:; headache, muscle
weakness, internal bleeding, irritation with
small red spots, skin irritation or weight loss
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INFECTION

MECHANISMS

Salmonella effectors secreted by its T3SST1 protein

complex promote the invasion of host cells
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INFECTION
MECHANISMS

Salmonella inhibits the autophagic
clearance of host cells

Y _ .
rAdEY - | £ Y
Phagocytosis —— SCV formation —— Autolysosome » Degradation of
assembly Salmonella
Effectors secreted Macrophage -/ Lysosomg
T3585 .
by ™ Salmonella SCV
. :r_]:. akdgiyn
P62
Lb
Lty Ub
&' Wb — Ssel.
1] 4]
Ub P62
pe2 P =
P62 us Ubiquitin aggregates
B | LC3

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




LIVEr #--eocmnnuaans
lalmonella +"-:':, ...y Salmonella infects host liver and
. releases effectors, e.g., SpvB
Effect -
ector &
_+_
I N F E ‘ , I I () N bO&f?( —_— "'j‘ ----» Expression of hepcidin
Hepatocyte
Wy Hepatocyte "-3-‘ Macrophage < ' Enterocyte
0 " D
Salmonella infection upregulates 09 e g
i:" Y L i
« s . ‘ F tin (FPN
hepcidin production by host cells to 1 | [ il
: o - ® © @
inhibit iron export and promote
: : : l ¥ — &f Degrationn of FPN
intracellular replication
&g Hepatocyte *F‘ Macrophage 58 Enterocyte Mot ok
reduced
@m Q0 (v} © Ic

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.
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COMPARISON
OF FEVERS




DISEASES

Duration

Body
temperature

Patterns

Pyrogens

Malaria

8-30 days

40°Cto41°C

Intervaled fever
(tertian or quartian)

Endogenous:
TNF-q, IL-T
and IL-6
Exogenous:
Hemozoin and GPI

Dengue

5-7 days

39°1t0 40°C

X

IL-T and IL-6

Yellow Fever

3-5days

39°C

X

TNF-a

Typhoid Fever

3-4 weeks (if
unfreated)

39°1t0 40°C
v

IL-T and IL-6
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