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ARTICLE INFO ABSTRACT

Managing Editor: Jingling Bao Dengue fever is considered the most prolific vector-borne disease in the world, with its transmission rate increas-
ing more than eight times in the last two decades. While most cases present mild to moderate symptoms, 5% of
Severe dengue patients can develop severe disease. Although the mechanisms are yet not fully comprehended, immune-mediated
Intensive care units activation leading to excessive cytokine expression is suggested as a cause of the two main findings in critical

Shock patients: increased vascular permeability that may shock and thrombocytopenia, and coagulopathy that can in-

Keywords:

Pathogenesis duce hemorrhage. The risk factors of severe disease include previous infection by a different serotype, specific

Diagnosis genotypes associated with more efficient replication, certain genetic polymorphisms, and comorbidities such as

Management diabetes, obesity, and cardiovascular disease. The World Health Organization recommends careful monitoring
and prompt hospitalization of patients with warning signs or propensity for severe disease to reduce mortality.
This review aims to update the diagnosis and management of patients with severe dengue in the intensive care
unit.

Introduction ature by 2.5-2.9 °C by the end of the century,!® will cause

Dengue, transmitted by the bite of an infected Aedes spp.
mosquito, is the most prevalent vector-borne disease in the
world.!'! According to the World Health Organization (WHO),
3.9 billion people in 129 countries are at risk of infection, which
is more than half of the world’s population.?! Simulations es-
timate that over 390 million infections occur yearly, 96 mil-
lion of which manifest clinically.t®! The reported cases have in-
creased by eight times in the last two decades, with the biggest
reported epidemic in history occurring in 2019,!?1 with over 56
million cases and 36,000 deaths registered.[*] Severe cases oc-
cur in approximately 500,000 people per year, with a mortal-
ity rate of 10% among hospitalized patients.[>! However, these
deaths could be reduced to less than 1% by implementing early
diagnosis and treatment based on warning signs.®

Climate changes are predicted to exacerbate the problem
and increase the population at risk to 6.1 billion people by
2080 (approximately 60% of the world population).!”! Global
warming, which is predicted to increase the Earth’s temper-

an increase in transmission in current endemic areas and ex-
pand risk areas, leading to an accelerated spread of vectors
and expanding all arbovirus infection, such as chikungunya,
Zika, and yellow fever.[°''] Moreover, studies have shown
that after being introduced in a specific area, Aedes spp. can
genetically mutate to maintain transmission rates in lower
temperatures.['%1]

The Coronavirus disease 2019 (COVID-19) pandemic has pre-
sented a new challenge in managing dengue fever in endemic
regions. In 2020, the first wave of COVID-19 hit these coun-
tries together with a hyperendemic outbreak of dengue, over-
burdening already crowded healthcare systems.!'#'¢] Addition-
ally, an overlap of symptoms is common between these two
diseases, such as fever, headache, and myalgia, as well as lab-
oratory findings such as thrombocytopenia, leukopenia with
lymphopenia, and elevated transaminases, leading to delay and
misdiagnosis.[7-2!]

Despite the considerable advances in understanding the
pathophysiology of the disease, dengue remains a significant
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challenge to doctors worldwide due to its lack of specific
treatment.[??] Therefore, improving the management of dengue
and severe dengue in intensive care units (ICUs) is crucial to re-
duce morbidity and mortality. This paper aims to elucidate the
physiology of severe dengue, update the diagnosis and classifi-
cation of dengue, and review critical patient management.

Pathophysiology
The virus

Dengue virus (DENV) is a Flavivirus belonging to the Flaviviri-
dae family. It has four serotypes (DENV 1-4) with human reper-
cussions and a fifth serotype (DENV5), first described in 2007,
restricted to the sylvatic cycle.[?>:?*] The genome comprised a
single-stranded RNA that encodes 10 proteins: 3 structural pro-
teins (membrane; M, envelope; E, and capsid; C) with compo-
nent function and 7 non-structural proteins (NS1, NS2A, NS2B,
NS3, NS4A, NS4B, and NS5) involved in RNA replication.['! The
mature virion presents an icosahedral outer shell, formed by a
lipid bilayer embedded with M and E proteins, and a poorly
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The infection

During the feeding of an infected female mosquito, DENV
is inoculated into the skin tissue and introduced to the blood-
stream. Once in the skin, the virus infects various immune
cells such as macrophages, dendritic cells, and Langerhans cells.
These infected cells then migrate to the lymph nodes, where they
come into contact with new cells and initiate new infections,
leading to viremia (Figure 1).[27!

The intrinsic incubation period of DENV - the time between
the mosquito bite and the onset of symptoms - is typically 3-
10 days.[?®] The binding of the E protein with specific receptors
leads to the fusion of the viral and host-cell membranes, allow-
ing the virus to enter the cell.

After endocytosis, the viral nucleocapsid is released, and
the single-stranded RNA is translated into a polyprotein that
is cleaved by non-structural proteins NS2B or NS3. The tran-
scription process then begins at the replication site on the
endoplasmic reticulum (ER).[?°? Meanwhile, NS1 proteins are
produced and released from the host cell, mediating a series
of reactions that induce cytokines’ inflammatory response. "]

These findings correspond to the first clinical phase of dengue

organized nucleocapsid core, constituted by C proteins, encap- : ] X i
infection, known as the febrile phase. After this phase, the

sulating the RNA genome.[2%2°]
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Figure 1. Pathophysiology of severe dengue. Infection: (1) After inoculating into the skin, the virus infects macrophages, dendritic cells, and Langerhans cells, which
migrate to the lymph nodes and start the viremia. (2) Into the bloodstream, DENV and complexes formed between the virus and non-neutralizing immunoglobulin
(from previous infections by different serotypes) infect macrophages and neutrophils. (3) Infected cells start releasing virions, non-structural proteins (especially
NS1), and pro-inflammatory cytokines. Plasma leakage: (4) DENV directly infects endothelial cells, causing its rupture. (5) Pro-inflammatory cytokines, such as
TNF-a and ILs, act in the endothelial cells, increasing permeability. (6) NS1 protein binds to endothelial cells and triggers dysfunction of the EGL by the degradation
of the sialic acid and the shedding of heparan sulfate proteoglycans from the EGL, which culminates in the loss of its integrity. (7) DENV infects mast cells, which
release tryptases, disrupting the tight junctions, and bradykinins, causing the rash. (8) DENV induces the secretion of IL-15 by platelets, leading to the release of
NO, a potent vasodilator. Hemorrhage: (9) DENV infects stem cells, hematopoietic stromal cells, and megakaryocytes in the bone marrow, reducing the production
of platelets. (10) Endothelial cells infected by DENV mark platelets throw their rolling process, causing their destruction in the liver. (11) The virus directly infects
platelets, activating them and leading to their apoptosis. (12) Inmuno-mediated complexes between antibodies and the virus or NS1 cross-react with surface platelet
antigens, inducing their destruction. (13) DENV activates the complement system, by the MBL complex, triggering the cleavage of C4 and initiating the lectin pathway.
Additionally, the classical complement cascade can be activated by immunocomplex, formed by antibodies linked to antigen proteins. NS1 protein can interact with
the complement proteins, promoting the degradation of C4 and halting both the classical and lectin pathways. These mechanisms lead to complement consumption
and platelet opsonization and destruction.

DENV: Dengue virus; EGL: Endothelial glycocalyx layer; IL: Interleukin; MBL: Mannose-binding lectin; NO: Nitric oxide; NS1: Non-structural 1; TNF: Tumor necrosis
factor.
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patient evolves into a critical phase, characterized by increased
vascular permeability, before reaching the convalescent
phase.

Mechanism of severe infection

Cytokine storm

The antibody-dependent enhancement (ADE) phenomenon
is widely regarded as the most significant factor contribut-
ing to severe dengue disease. After primary infection, a long-
term immunity against the serotype responsible for the infec-
tion (homotypic immunity) persists; meanwhile, a short period
of cross-protection against another serotype (heterotypic immu-
nity) is present.!*”! Subsequently, neutralizing homotypic anti-
bodies circulate for a lifetime, providing long-lasting protection
against that primary serotype.[*'! However, during a secondary
infection for different serotypes, persistent non-neutralizing het-
erotypic antibodies bind to the new antigens, forming complexes
that enhance the entry of DENV through the Fc receptor. This
phenomenon aggravates the infection by facilitating the entry
of DENV into more host cells.[}:29:32.33] The same phenomenon
may occur in vaccinated patients and newborns of previously
sensitized mothers. >4

When a large amount of virus invades the host cells, a strong
response from newly infected cells activates multiple inflamma-
tory cascades. Meanwhile, a weak cross-reaction between pre-
viously activated T-cells and the new serotype infection induces
the production of pro-inflammatory cytokines, such as inter-
feron (INF)-a, IFN-g, and IFN-y.[%5:%] This cytokine release is
further aggravated by NS1, which, along with non-neutralizing
antibodies, stimulates the release of NF-xB, ultimately resulting
in a “cytokine storm.”[23,57]

Vascular permeability

Dengue vascular permeability syndrome, previously known
as dengue hemorrhagic fever (DHF) and dengue shock syndrome
(DSS), is a complex and multifactorial condition associated with
capillary permeability and plasma leakage, potentially leading
to severe disease (Figure 1).[?°1 Several hypotheses have been
proposed to explain the mechanism of this permeability. A hy-
pothesis involves direct infection of endothelial cells, causing
their apoptosis®®! and cytokine storm, eventually activating
several pathways and inducing plasma leakage. Moreover, an
immune-mediated mechanism has been proposed involving the
formation of complexes between DENV and antibodies. These
complexes activate complement, reducing the level of C3 and
increasing the levels of C3a and C5a anaphylatoxins: these ana-
phylatoxins act at the endothelial surface and contribute to vas-
cular leakage.[!-3°]

The NS1 protein also contributes to vascular permeability.
Each flaviviral NS1 protein interacts with specific tissues — con-
sistent with the respective virus tropism — disrupting the en-
dothelial cells and destroying the barrier that regulates vas-
cular permeability and cell adhesion.![**-*?1 Although the ex-
act mechanism is still unknown, studies have shown a corre-
lation between TLR4 activation and interleukin (IL)-1p and IL-
6 secretion, which may disrupt the tight junction of the en-
dothelial barrier, associated with a direct degradation of the
endothelial glycocalyx via heparanase-1 activation.[*?-4°] More-
over, antibodies against E protein and NS1 could recognize and
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attack host proteins, such as plasminogen and various coagu-
lation and endothelial cell proteins.[**] The dysfunction of the
endothelial barrier results in vascular hyperpermeability and
leads to an increased passage of fluids and molecules through
the endothelium.!*]

Another mechanism of vascular permeability in dengue in-
volves platelet activation. Recent studies have shown that
platelets participate in several inflammatory and immunolog-
ical processes.[*) DENV induces the production and secre-
tion of IL-1p by platelets, leading to the release of nitric
oxide (NO), a potent vasodilator, and increasing endothelial
permeability.!“%471 Other factors that may influence vascular
permeability in dengue include mast cell activation, platelet-
activating factor excretion, the angiopoietin 1 and 2 ratio,
bradykinins, and prostaglandins.t*-4°1

Thrombocytopenia and coagulopathy

The multifactorial etiology of thrombocytopenia in dengue
fever includes early-stage bone marrow megakaryocyte sup-
pression, peripheral destruction of platelets due to antibody-
mediated lysis, and increased platelet consumption due to ad-
herence to damaged endothelial cells and subsequent lysis
(Figure 1).[501

DENV suppresses megakaryopoiesis by infecting megakary-
ocytes and CD34+ hematopoietic stem cells (HSC),!>'->?1 and
causing functional changes in stromal cells. Stroma cells play a
crucial role in the bone marrow by releasing cytokines and pro-
viding an adequate microenvironment for the proliferation and
differentiation of HSC.[°!! Additionally, the cross-reactivity of
antibodies against DENV proteins and platelet antigens can me-
diate peripheral platelet destruction. In vitro studies suggest that
the recognition of human platelet anti-NS1 immunoglobulins
promotes opsonization and subsequent complement-mediated
lysis.!>®] Elevated levels of anti-DENV immunoglobulin G (IgG)
and immunoglobulin M (IgM) in platelet eluates have also been
demonstrated in the acute phase of secondary infection. Platelet-
associated immunoglobulins are also increased in acute dengue
infection compared to the convalescent phase, and their levels
are inversely associated with platelet counts.[>*] Furthermore,
platelet-bound immunoglobulins can induce partial platelet ac-
tivation, resulting in inefficient aggregation during bleeding.[>*]
Impaired primary aggregation to adenosine diphosphate (ADP)
and the absence of secondary aggregation are also described in
studies as qualitative platelet disorders.[>*!

Alterations in various elements of the coagulation cascade
and fibrinolysis pathways have also been described in dengue
fever patients. Slightly prolonged prothrombin time, activated
partial thromboplastin time (APTT), and thrombin time are
common,[>>-71 especially in severe dengue, which may be re-
lated to liver damage and coagulation activation leading to the
consumption of coagulation factors. A significant increase in
tissue factor is also present in the febrile stage.l>*] Regarding
changes in the fibrinolytic system, levels of tissue plasmino-
gen activator (tPA) and plasminogen activator inhibitor (PAI-1)
are slightly elevated in the critical phase, while thrombin acti-
vatable fibrinolysis inhibitor levels are reduced. Patients with
severe dengue usually have decreased protein S and C levels
and significantly increased PAI-1 levels. These findings correlate
with worse outcomes, which may reflect the imbalance between
procoagulant and fibrinolytic mechanisms.!°°] Most patients re-
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cover spontaneously from these laboratory abnormalities during
the convalescent stage.!>"!

Factors associated with severe dengue

Immune status

Following the initial infection for a specific serotype, long-
term homotypic and short-term heterotypic antibodies are pro-
duced, providing long-lasting immunity against the specific
serotype and a brief immunity against all others.[*] However,
several non-neutralizing heterotypic antibodies remain. During
a second infection by a different serotype, the ADE phenomenon
occurs, exacerbating the severity of the disease.[%°-%:5°1 The in-
terval between the first and second infection is an important
factor: a longer interval may increase the risk of more severe
disease,[°°1 probably due to a decrease in circulating neutraliz-
ing antibodies.[?"!

The same phenomenon may occur in infants born to moth-
ers who are previously immune to the DENV and receive pro-
tective antibodies from them. This immunity could remain for
several months. However, neutralizing maternal antibodies de-
cline after this period, leading to a period of heightened risk
for severe disease mediated by ADE.![!-2%:611 Similarly, ADE has
been proposed as the mechanism behind the increase in hos-
pitalization rates observed among individuals who were im-
munized before their first dengue infection with the CYD-TDV
vaccine (Dengvaxia®, Sanofi Pasteur, Lyon, France).[6%63] Ag
a result, the WHO has recommended using this vaccine only
for individuals with confirmed previous infection (seropositive
individuals).[64]

Additionally, previous exposure to the Zika virus, a closely
related Flavivirus, has been associated with more severe cases
of dengue, even during the patient’s first episode.[%®! Due to
the structural similarity between Zika and DENVSs, cross-reactive
anti-Zika antibodies can trigger mechanisms of severe disease
in patients infected with dengue, such as plasma leakage and
shock.[¢¢]

Virus strain

Although the clinical presentation of the four serotypes of the
DENV may appear similar, they are biologically and phyloge-
netically distinct. The polyproteins of each serotype have been
found to differ by up to 30%, suggesting that they could be con-
sidered distinct viruses.!?>:671 Furthermore, each serotype ex-
hibits different genotypes, with unique geographic distribution
and fluctuations in their prevalence occurring over periods of 2—
4 years, likely due to the accumulation of immunity.[°!-%7] These
differences between serotypes and genotypes have a direct im-
pact on the transmission and manifestation of dengue. While all
serotypes are capable of causing severe disease, some are more
likely to do so than others. For instance, studies have found that
the Asian strain of DENV2 has a higher propensity to cause se-
vere disease than the American strain because it replicates more
efficiently in human cells and can infect new mosquitos more ef-
fectively, resulting in increased transmission.[?%-43]

Genetic status

The severity of dengue fever is also influenced by the ge-
netic status of the host. Past studies have shown that individ-
uals of African ancestry are less susceptible to severe dengue
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fever,[°%:%°1 while recent research has identified several genetic
factors related to the severity of the disease. The most exten-
sively studied genetic factor is the human leukocyte antigen
(HLA), with HLA class-I alleles being associated with more se-
vere cases and HLA class-II providing a protective effect.[*?!
Other specific genes, such as polymorphisms in Fcy recep-
tor II (FcyRII), tumor necrosis factor (TNF)-a, dendritic cell-
specific intercellular adhesion molecule 3 (ICAM3)-grabbing
non-integrin, Janus kinase 1 (JAK1), cytotoxic T-lymphocyte
antigen 4 (CTLA-4), vitamin D receptor, human platelet anti-
gens (HPA), transporters associated with antigen processing,
and transforming growth factor (TGF)-g, have also been linked
to severe forms of dengue fever.[”%]

Host factors

Infants and older adults have a higher risk of developing
severe dengue compared to middle-aged adults. Studies have
shown that children are five times more likely to develop se-
vere dengue due to their increased susceptibility to vascular
permeability,!”-72! while the elderly have an increased risk of
severe disease, likely due to the presence of associated chronic
conditions.[”>751 In fact, studies have shown that individuals
with diabetes mellitus have a four times higher risk of develop-
ing severe disease, while those with hypertension and cardio-
vascular disorders have a two-fold higher risk. Similarly, indi-
viduals with renal disease and individuals with asthma have a
four-fold and two-fold higher risk of developing severe dengue,
respectively.[7>-8°1 Moreover, recent studies have also linked
obesity with an increased risk of severe dengue due to its pro-
inflammatory status.[8!-82]

Sex has also been identified as a risk factor for severe disease.
Multiple studies indicate that females, including young females,
have a greater risk of developing severe dengue and higher
mortality rates, although the specific mechanisms responsible
for this sex disparity remain unclear.[?°-¢7-72] The most com-
mon factors associated with severe disease are summarized in
Figure 2.

Clinical Features
Clinical and laboratory manifestation

Dengue is a self-limited disease with a wide clinical spec-
trum ranging from mild to severe manifestations.l'] Approxi-
mately 75%-80% of infected people are asymptomatic,[3-5]
while 5% can develop severe disease.[®®] Classically, the dis-
ease progresses in three phases: febrile, critical, and recov-
ery, although these phases are not always well-defined in clin-
ical practice (Figure 3). During the febrile phase, after the
incubation period of 3-10 days,!?®! patients experience an
abrupt onset of fever, headache, myalgia, arthralgia, retro-
orbital pain, and anorexia.[®’] Nausea, vomiting, sore throat,
and pharyngitis may also occur.!®®! Abdominal pain and diar-
rhea are more common in children, although these symptoms
may also appear in adolescent and adult patients.[?°! During
this first phase, leukocytes and platelet levels may drop, and
petechiae (small bleeding spots on the skin) and ecchymosis
(large subcutaneous bleeding spots) may be present. General-
ized morbilliform erythema (blanching with pressure) is also
common.[®7]
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HOST FACTORS
« Age (infants and elderly)
« Female sex
« Pregnancy
« Immunocompromised patients
« Diabetes mellitus
« Obesity
« Subnutritional status
« Asthma

GENETIC STATUS

» Non-African ancestry

» Genetical polymorphisms, such as
HLA class |, Fcy receptor Il, TNF-q,
ICAM3-grabbing non-integrin, Jak 1,
CTLA-4, vitamin D receptor, human
platelet antigens, transporters
associated with antigen processing,
and TGF-B

Figure 2. Factors associated with severe dengue.
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IMUNOLOGICAL STATUS

Previous DENV infections

« Timing between first and
second infection

« Previous exposure to

other Flavivirus

VIRAL STRAIN

« Infection DENV serotype
and genotype
« Magnitude of viraemia

CTLA-4: Cytotoxic T-lymphocyte antigen 4; DENV: Dengue virus; HLA: Human leukocyte antigen; JAK1: Janus kinase 1; TGF: Transforming growth factor; TNF:

Tumor necrosis factor.

After 2-5 days, patients experience defervescence, charac-
terized by a sudden drop in fever, and those without vascular
permeability issues will start to recover. However, the critical
phase begins for those who experience increased vascular per-
meability, and their clinical status may deteriorate rapidly.?°]
Plasma leaks to extravascular space, causing hemoconcentra-
tion, characterized by an increase of 20% or more at hemat-
ocrit levels,!®°1 and leukopenia and thrombocytopenia reach the
nadir. If the plasma leakage continues, the intravascular volume
will reduce, and the patient may progress into shock.[*°] There
is an increase in the risk of hemorrhage, especially in the gas-
trointestinal tract.[°°! Persistent hypoperfusion may lead to or-
gan impairment, metabolic acidosis, and disseminated intravas-
cular coagulation.['] In those who recover, this phase lasts for
24-48 h.

During the final stage, convalescence occurs with gradual
reabsorption of the extravascular fluid, associated with an im-
provement in clinical status. Patients experience increased di-
uresis and appetite,°!] and leukocytes and platelet levels return
to regular. Some patients may experience a generalized itchy
rash, known as “recovery rash,” due to the liberation of his-
tamine by mast cells.[°?] Some patients may persist with symp-
toms such as headache, myalgia, arthralgia, anorexia, alopecia,
and insomnia, for more than two 2 years. Immunological sta-
tus and gene polymorphisms may be related to these persistent
symptoms. [°%]

Warning signs and severity classification

In 2009, the WHO introduced a new classification for dengue
cases (Figure 4), replacing the previous terms “Dengue Hem-
orrhagic Fever” and “Dengue Shock Syndrome” with dengue
with or without warning signs and severe dengue.!®®] Although
the previous terms are still in use, various studies have demon-
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strated that the new classification better reflects the natural
progression of the diseasel?”! and has a higher sensitivity and
specificity in identifying patients at risk for severe dengue.[?*-°°]
Moreover, the new classification facilitates early patient referral
to the intensive care unit (ICU), enabling better management of
potential deterioration.[°!]

The warning signs introduced in the 2009 classification have
proven to be a valuable tool for predicting patients with an in-
creased risk of disease progression. Although individual warn-
ing signs have low positive predictive value, their combination
yields higher accuracy!®”! and should be used for close mon-
itoring. Recent studies have identified potential new markers
that could be added to this list to improve accuracy. This in-
cludes clinical signs in the early stages of the disease (less than
seven 7 days), such as altered mental status, tachycardia, pleu-
ral effusion, and ascites,!”%-7# as well as biomarkers such as ele-
vated total bilirubin, aspartate aminotransferase (AST), and ala-
nine aminotransferase (ALT) levels and a decrease in albumin
levels.[76,%8,%9]

Severe dengue is defined as severe plasma leakage in a pa-
tient, leading to shock — defined as tachycardia, narrowing of the
pulse pressure (a difference in systolic and diastolic pressure less
than 20 mmHg), delayed capillary filling, and hypotension[*°! —
and pulmonary fluid accumulation with respiratory distress, se-
vere bleeding, or severe organ involvement, especially the cen-
tral nervous system (CNS), liver, and heart.[°?]

Diagnostic approach
Specific diagnostic

Specific diagnostic tests for dengue depend on the patient’s
clinical phase (Figure 3). In the initial febrile phase, during the
first 5 days of the disease, tests to detect the virus or its antigens
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Figure 3. Clinical phases of dengue infection and the relation with clinical and laboratory finds.
IgG: Immunoglobulin G; IgM: Immunoglobulin M; NS1: Non-structural 1.

DENGUE CLASSIFICATION

DENGUE FEVER DENGUE WITH SEVERE DENGUE

WARNING SIGN 1. Severe plasma leakage

Live in or travel to dengue + Abdominal pain or leading to:

endemic area, with fever and 2 tenderness + Shock (DSS)

of the following criteria: « Persistent vomiting + Fluid accumulation with

+ Nausea or vomiting + Clinical fluid accumulation respiratory distress

+ Rash + Mucosal bleed .

+ Aches and pains - Lethargy: restlessness 2 Sev?re bleeding as evaluated

- Tourniquet test positive . Liver enlargement >2cm by clinician

+ Leucopenia + Laboratory: Increase in HCT .

+ Any warning sign concurrent with rapid 3. Severe organ involvement

« Liver: AST or ALT>=1000
« CNS: Impaired consciousness
« Heart and other organs

decrease in platelet count

Figure 4. Dengue severity classification according to WHO.!%%!
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; DSS: Dengue shock syndrome; WHO: World Health Organization.
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are recommended. Detection of NS1 antigen in blood samples
by enzyme-linked immunosorbent assay (ELISA) and rapid im-
munochromatographic (IC) assay are simple and low-cost tests
for all clinical sets.[°?] With a high specificity (ranging from
90% to 100%), and sensitivity that varies according to the com-
mercially available tests (60%-90%),['°°] NS1 antigen can be
detected in sera until the ninth day of symptom, during a pri-
mary infection, and until the seventh day, during a secondary
infection.[10!]

Direct nucleic acid amplification in human samples can de-
tect DENV RNA as early as 24-48 h before symptoms!!0?!
through reverse transcriptase-polymerase chain reaction (RT-
PCR), real-time RT-PCR, or isothermal amplification methods.
These tests retain a high sensitivity (80%-100%) and speci-
ficity (99%-100%),[%8! but the short window to collect the clin-
ical sample, specific storage needs, and necessary lab infras-
tructure remain significant barriers, especially in developing
countries.[10%]

After day 5 of the disease, specific antibodies appear and
could be detected by serological tests, even though dengue RNA
and antigens could still be present. These tests include hemag-
glutination inhibition (IH) and ELISA to detect IgM and IgG
antibodies.!'>1°°1 The ELISA-based method is more widely used
in developing countries due to its relative simplicity and lower
cost, associated with high sensitivity (around 90%) and speci-
ficity (around 98%).['°4] In primary infections, IgM can be de-
tected in the serum sample as early as day 4: its rate increases
until day 6 and remains positive for several months. Meanwhile,
IgG starts to increase after the recovery phase. In secondary
infection, IgM levels could be undetectable, while IgG titers
rapidly increase as early as day 3.1°%:1°1 Due to these varia-
tions, the WHO recommends the diagnosis of dengue diagnosis
can only be confirmed when there is evidence of seroconversion
from IgM to IgG or a four-fold increase in IgG titers in paired
Sera‘[88,102]

In endemic areas, where there is transmission of other fla-
viviruses such as the Zika virus, Chikungunya virus, and yel-
low fever virus, the differential diagnostic could be challenging
because the clinical manifestations are similar and serological
tests could cross-react with previous infection or vaccination. In
such cases, molecular diagnosis with RT-PCR is recommended
if possible.['9°] If the only evidence of dengue is a positive anti-
DENV IgM test, a plaque reduction neutralization test can be
performed to quantify virus-specific antibody titers and confirm
the diagnosis. However, this test is rarely available in clinical
laboratories.[86:103]

Viral isolation, when DENV is isolated after inoculation of
clinical specimens, such as whole blood or tissue, onto cell lines,
is the most specific test. However, its applicability is limited
by cost — it requires specific laboratories with well-trained per-
sonnel — and time - the window period of sample collection is
short and dependent on the level of viremia, and the tests re-
quire at least 7 days. Therefore, its use is reserved for research
purposes. [1:100,104]

Complementary approach

In the overall assessment of patients with suspected or con-
firmed dengue, the WHO recommends conducting routine lab-
oratory tests.!'%] In facilities where it is available, a full blood
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count should be performed at the first visit and repeated daily,
or at least after the third and fifth day of symptoms.!'°%] Estab-
lishing baseline hematocrit levels in the early febrile phase is
crucial, as any subsequent rise can suggest plasma leakage. [
Leukopenia, often accompanied by an increase in atypical lym-
phocytes, and thrombocytopenia are very common and precede
the critical phase.[8:192] Neutropenia may also occur, although
it is not typically associated with secondary bacterial infections:
prophylactic antibiotics are, therefore, not recommended.!'?”!

Elevated transaminases and hypoalbuminemia may be
present, reflecting liver involvement and predicting potential
severe progression.[”%-9%:1081' An increase in serum creatine ki-
nase often occurs and could be a marker of myositis.!!0%110]
Vascular leakages usually occur preferentially in the pleural
and peritoneal space. Therefore, an early assessment using
point-of-care ultrasound to detect pleural effusion, gall blad-
der wall edema, ascites, and pericholecystic fluid collection is
recommended.[87-111]

Organ Dysfunctions

Several complications may aggravate patients with dengue
fever, including fluid overload, bacterial infections, and organ
dysfunctions such as neurological, hepatic, heart, kidney, lung,
and hematologic impairment (Supplementary Figure S1).

Overload hydration

During the recovery phase, there is a rapid resorption of the
fluid that accumulates in virtual spaces (such as pleura and peri-
toneum) due to plasma leakage. The discontinuation of fluid
supplementation in this phase is necessary to prevent hyperv-
olemia and overload hydration. Excessive fluid administration
can cause pulmonary edema or congestive heart failure in the
patient.[!1?]

In addition to the administration of excessive intravenous
fluids, other causes of fluid overload include the use of hypo-
tonic rather than isotonic crystalloid solutions, the use of large
volumes of crystalloid solutions in cases of unidentified serious
bleedings, and inappropriate use of blood components.t®¥! Pa-
tients with comorbid conditions, such as chronic heart failure,
lung diseases, and renal dysfunction, are at greater risk of suf-
fering from fluid overload. Therefore, individualized goals and
frequent revaluations are crucial to providing these high-risk in-
dividuals with better care.

In the recovery phase, if the patient still presents signs of hy-
pervolemia and respiratory distress after stopping intravenous
fluids, the administration of diuretics such as furosemide is rec-
ommended. Patients that exhibit signs of fluid overload but are
still hypotensive should be evaluated to investigate occult bleed-
ing, cardiac impairment, or secondary infection.

Bacterial co-infection

Bacterial co-infection is a relatively uncommon but serious
complication in severe cases of dengue. While only around
7% of patients with dengue present concurrent bacteremia,
up to 44% of dengue-associated deaths are related to bac-
terial co-infection.[*>:11®] Primary bacteremia is the princi-
pal site of infection related to dengue fever,!!'*!15] followed
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by pneumonia,''*11¢] bile duct infection, and urinary tract
infection.[''>] Additionally, due to its high prevalence in tropical
countries, other diseases such as leptospirosis, typhus, malaria,
and enteric fever should be considered in the management of
patients with severe dengue.

The exact mechanisms behind the association between
dengue and bacterial infections are not fully comprehended.
However, some hypotheses suggest that vascular rupture and
the disintegration of the mucocutaneous barrier, particularly
in the gut, may be contributing factors, as most of the bacte-
ria involved in co-infection are typically members of the hu-
man microbiota.l''®] Another possible cause of bacterial co-
infection is severe neutropenia caused by virus-induced bone
marrow suppression. However, clinical studies fail to show
an increase in infection, antibiotic use, or mortality in those
individuals.['%7]

Patients with older age, acute renal failure, gastrointesti-
nal bleeding, prolonged fever (more than 5 days), and altered
level of conscience have an increased risk of concurrent bac-
terial infection.!''%!'7] The diagnosis of co-infection could be
challenging due to overlapping symptoms. However, elevated
leukocytes, C-reactive protein, and lactate, as well as prolonged
aPTT, higher Acute Physiology and Chronic Health Evalua-
tion II (APACHE II) score and Therapeutic Intervention Scoring
System, and positive fluid balance are found in patients with
bacterial co-infection.[''®! In addition, recent studies showed
that procalcitonin could be a helpful marker of bacterial co-
infection.[1%-12°) In suspicious cases of sepsis, prompt and ap-
propriate initiation of antibiotic therapy is crucial to reduce
morbidity and mortality.[10%!

Neurological impairment

DENV is a neurotropic virus that can directly infect the
supporting cells of the CNS to cause neural injury. Moreover,
some neurological syndromes are related to the inflammatory
nature of the disease. ADE can lead to plasma leakage, ede-
matous swelling, and dysregulated cytokine release, resulting
in immune-mediated neural damage. The various neurologi-
cal manifestations related to dengue infection can be cate-
gorized into encephalopathy, encephalitis, immune-mediated
syndromes, muscle dysfunction, dengue-associated stroke, and
neuro-ophthalmic disorders.['?!-123]

The pathogenesis of DENV infection in the CNS is still poorly
understood. The release of pro-inflammatory cytokines, induced
by the virus and NS1 protein, disrupts the blood-brain barrier,
facilitating the entry of DENV and other immune mediators into
the brain and resulting in neuroinflammation.['?!! Additionally,
some studies showed that Flavivirus can travel into the CNS
through axonal transport from peripheral nerves, carried by im-
mune cells, and, more rarely, transported across the endothelial
barrier by intracellular vesicles during transcytosis.['?>*] Neuro-
logical impairment may occur in any clinical phase of the dis-
ease. The diagnosis of a neurological disorder associated with
dengue infection is challenging because DENV PCR positivity
in the cerebrospinal fluid (CSF) is rare — as the sensibility of
DENV PCR using CSF is poor — and is linked to the phase of
the infection at the time of the CSF collection. Patients with
neurological injury are more likely to also present with higher
levels of hepatic enzymes, higher hematocrit, and lower platelet
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counts compared to cases of dengue patients without neurolog-
ical impairment.['2%!

The incidence of encephalopathy, the most common neu-
rological complication of dengue, has been estimated to be
between 0.5% and 6.2%.[?° 1t is characterized by a dimin-
ished level of consciousness, cognitive impairment, and seizures.
CSF is usually normal, and neuroimaging studies may show
cerebral edema.['2%126]1 Encephalitis might be the most wor-
risome syndrome among dengue neurological affections. The
patient mostly presents with reduced levels of consciousness,
headache, fever, nausea and vomiting, seizures, focal neurolog-
ical deficits, and behavioral symptoms. The CSF profile is usu-
ally slightly altered, with slight protein elevations and normal
glucose values. CSF lymphocytic pleocytosis is found in 85% of
patients.['?! A cranium computed tomography scan may show
hyperdense parenchymal foci representing spontaneous micro-
hemorrhages as well as hypodensities in the thalami and basal
ganglia, while brain magnetic resonance imaging can identify
the exact anatomical areas of involvement: the most commonly
affected regions are the basal ganglia, thalamus, temporal lobes,
hippocampus, cerebellum, and cerebral white matter, where T2
sequences may demonstrate hyperintensities.[12!,127]

Immune-mediated syndromes associated with dengue gener-
ally occur after the infection and include acute disseminated en-
cephalomyelitis (ADEM), Guillain-Barré syndrome (GBS), trans-
verse myelitis, acute cerebellitis, and neuritis brachialis.['?*!
More rarely, isolated cranial nerve palsies may occur, resulting
from the direct involvement of cranial nerve nuclei or immune-
mediated, and it is often steroid responsive.['>!] Ischemic and
hemorrhagic strokes also may occur following dengue fever. The
pathogenesis may be beyond the commonly observed thrombo-
cytopenia and include cerebral vasculitis. Posterior reversible
encephalopathy syndrome is uncommon and possibly related to
dysregulated cytokine release phenomena rather than vasogenic
disorder as usual.t'?!]

Currently, there is no curative treatment for dengue fever,
including its neurological complications. Supportive measures,
which can be defined for the patient, include fever control,
hematological monitoring to avoid bleeding, measures to con-
tain cerebral edema, and anti-seizure medications for secondary
prophylaxis. There is no evidence to support the use of cor-
ticosteroids or antiviral agents to treat encephalopathy or en-
cephalitis, although immune-mediated neurological conditions
can respond well to immunomodulators like high doses of cor-
ticosteroids or intravenous immunoglobulin (IVIg) therapy.!'?!!
Post-dengue immune-mediated neurological syndromes usually
resolve within weeks or a few months.

Hepatic impairment

DENV can directly infect the liver and cause apoptosis of
hepatocytes, leading to the classical findings of liver enzyme
elevation.!?”] The increase of AST and ALT are considered mark-
ers of severe dengue.!”%°9:198] Several mechanisms are hypoth-
esized as causative of hepatic impairment. DENV can insti-
gate cells apoptosis after entry into hepatocytes and Kupffer
cells (mediated by E protein and phagocytosis) via the pro-
duction of NO and IFN-a or via IL-6 and TNF-a, recruiting
CD4* and CD8* T lymphocytes, monocytes, and natural killer
cells.[128]
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A secondary pathway linked to liver injury is ADE, which
facilitates Kupffer cell infection and increases cytokine release.
Additionally, antibodies against NS1 protein cross-react with the
surface antigen of hepatic endothelial cells, inducing their apop-
tosis and causing liver damage.!'?°! Besides the injury, hepato-
cyte apoptosis contributes to reducing viral replication and dis-
semination. However, if a large number of cells are infected,
significant injury may result in hepatic dysfunction and liver
failure.[1°0]

Heart impairment

Cardiac involvement by DENV is considered a rare complica-
tion. The spectrum of cardiovascular manifestations in dengue
infection is broad, ranging from subtle ST-T changes to fulmi-
nant myocarditis.[’>!] The main pathophysiological factors as-
sociated with myocardial impairment include edema from cap-
illary leakage and the presence of circulating myocardial de-
pressant factors such as pro-inflammatory mediators, coronary
hypoperfusion, and altered calcium homeostasis.

The most concerning condition of the cardiac impairment
of dengue fever is myocarditis. The signs and symptoms may
vary from a subclinical rise in cardiac biomarkers and detec-
tion of asymptomatic electrocardiogram abnormalities to more
severe clinical manifestations such as dyspnea, chest pain, and
sudden death. The diagnosis is confirmed by endomyocardial
biopsy or cardiac magnetic resonance, but both procedures
are not widely available in dengue-endemic areas.!'*?! More-
over, the pericardium may be affected by dengue infection, and
pericardial effusion is commonly observed in severe dengue
patients due to systemic plasma leakage.['>?] Some case re-
ports of isolated dengue pericarditis have been described in the
literature.[1%%]

Several electrocardiographic (ECG) alterations are associated
with dengue infection, such as bradycardia, atrioventricular
block, and T-wave and ST-segment abnormalities. The mech-
anisms of the electrical conditions are still not fully under-
stood. The major hypotheses involve altered autonomic tone,
electrolyte and calcium derangements, or subclinical myocardi-
tis. Whether the ECG alterations are clinically relevant in all
dengue cases is still theoretical. The presence of bradyarrhyth-
mia in the critical phase of severe dengue, when the patient
presents with hypovolemia, is a significant clinical concern be-
cause a deterioration in cardiac output will prevent an adequate
cardiac response to shock. Therefore, there is a need for careful
attention to fluid balance and hemodynamic instability in these
patients.[132]

Impaired myocardial function is expected in cases of se-
vere dengue mainly because of the increased vascular per-
meability and the hypovolemic nature of the shock. How-
ever, adequate management of dengue-related hemodynamic
instability requires, in addition to vigorous volume infu-
sion, evaluation and treatment of associated ventricular
dysfunction.['3]

Kidney impairment
Kidney impairment in patients with dengue fever is mostly

mild, ranging from serum electrolyte abnormalities to hema-
turia and proteinuria. However, patients that develop renal
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damage may develop more severe complications, such as acute
kidney injury (AKI) and hemolytic uremic syndrome.!'*>! Al-
though not yet fully understood, some mechanisms suggested
as causes of AKI in severe dengue are hypotension — lead-
ing to hypoperfusion and tubular necrosis - direct injury
caused by the virus, indirect injury via the immune system,
and rhabdomyolysis.['3%!37] Immunohistochemical studies per-
formed on kidney specimens from fatal human cases of dengue
infection found viral RNA and observed an accumulation of
immune cells and intense acute congestion, suggesting that a
combination of high viral load, exacerbated immune response,
and increased permeability play a role in renal damage during
dengue infection.[!38:13%]

Furthermore, dengue fever in patients with chronic kidney
disease is a particular concern, as these patients have specific
difficulties in dealing with the substantial amount of fluid used
in the acute phase to treat hemoconcentration and may rapidly
evolve to fluid overload. In some cases, hemodialysis is re-
quired to re-establish the fluid balance.['*?-'4!] Kidney trans-
plant recipients are also of particular concern because their
clinical manifestation may be masked by the use of immuno-
suppressors, especially calcineurin inhibitors, which limit IL-
mediated response.l'??! They are more prone to develop se-
vere dengue, and the disease usually has an unfavorable clinical
course, marked by higher viral load due to the immunosuppres-
sion, susceptibility to present fluid overload, and greater risk for
secondary infection during the hospitalization.!'*3!

Managing renal impairment in patients with dengue requires
careful monitoring of fluid administration, with infusion rates
and controlled tonicity, to avoid osmolarity disorders and fluid
overload. Renal replacement therapy may be necessary, and
continuous hemodialysis is recommended, especially in patients
in shock.[136,144]

Lung impairment

Pulmonary complications are rare, although upper air-
way symptoms may occur frequently in the early stages of
dengue. Patients with dengue may experience various impair-
ments in the pulmonary system, including pleural effusion,
non-cardiogenic pulmonary edema, pneumonitis, acute respi-
ratory distress syndrome, and pulmonary hemorrhage.!4>-147]
The primary mechanisms associated with pulmonary com-
plications are increased vascular permeability and plasma
leakage. Thrombocytopenia and disturbance in the coagula-
tion cascade are responsible for alveolar hemorrhage and
hemoptysis.[148:149]

Chest radiography can identify pleural effusion and con-
solidation, while tomography can identify ground-grass opaci-
ties, interlobular septal thickening, and nodules.['*°! Lung ultra-
sound has become an essential tool for managing severe dengue,
especially in ICUs, where pleural effusion can be rapidly identi-
fied, along with pulmonary edema, characterized as the finding
of multiple B lines.[''1-15°1 The treatment for these conditions
is unclear based on the literature, and very few case reports
are available. However, controlling liquid balance and avoid-
ing fluid overload are crucial approaches to minimizing pleu-
ral effusion and pulmonary edema. Similar to the treatment
of thrombocytopenic purpura,['>!! the use of high-dose corti-
coids and immunoglobulin has been reported to be successful in
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literature,['>?) although further studies are necessary to estab-
lish their effectiveness.

Hematological complications

Hematological complications related to dengue infection
are uncommon and include persistent low platelets count and
hemophagocytic lymphohistiocytosis (HLH). Persistent throm-
bocytopenia is a rare complication after dengue infection.[!>%]
In the context of a secondary immune thrombocytopenic pur-
pura, it is defined as the prolonged low platelets count after
the recovery phase. The mechanism is still unknown, although
persistent antiplatelet IgG may be found, suggesting an immune
platelet destruction.[’>*] Due to its rarity, only case reports can
be found in the literature, and successful treatment has been
published after the use of corticosteroids and IVIg.[15!,155-157]

HLH or macrophage activation syndrome is a potentially
fatal hematological complication of dengue infection. Sec-
ondary HLH (sHLH) is a hyper-inflammatory state resulting
from a strong activation of the immune system caused by
conditions such as infection, malignancy, and autoimmune
diseases.['>%:15°] Inappropriate macrophage stimulation in the
bone marrow leads to blood cell phagocytosis and an inappro-
priately elevated release of pro-inflammatory cytokines. "]

HLH represents a diagnostic challenge in patients with
dengue infection due to the potential overlap of many symp-
toms, such as fever, hepatomegaly, and cytopenia.l’°’! How-
ever, it should be suspected in cases of persistent thrombocy-
topenia for more than 10 days, persistent fever for more than
7 days, and hyperferritinemia.l'®?) According to the HLH-2004
guidelines,['>®] the diagnosis is made if five of the following
eight criteria are fulfilled: fever, splenomegaly, cytopenia (at
least two of three lineages in the peripheral blood), hyper-
triglyceridemia, and/or hypofibrinogenemia, hyperferritinemia,
proved hemophagocytosis in bone marrow, spleen, or lymph
nodes biopsy, low or absent NK-cell activity, and high levels
of soluble IL-2 receptor (sIL-2r).

The best treatment for HLH in dengue patients is still un-
known since only case reports are found in the literature. How-
ever, similar treatments applying to sHLH caused by other infec-
tious agents have shown improved outcomes.!'?] In mild cases,
the addition of low doses of corticosteroids can be beneficial.
However, in moderate and severe cases, high doses of dexam-
ethasone (10 mg/m? divided over 12 h periods) or methylpred-
nisolone (2 mg/(kg-day)) are mandatory and must be promptly
initiated. Adjunctive therapy with IVIg (1.6 g/kg in split doses
over 2-3 days) may be considered due to the anti-inflammatory
and antiviral potential of IVIg.[16%]

Management

None of the several medications studied as potential treat-
ments for dengue have demonstrated efficacy in reducing symp-
toms and complications. Therefore, treating general symptoms
and predicting critical complications are the main management
of severe dengue (Figure 5). Most patients will not require hos-
pitalization, although it is mandatory to recognize those who
will require hospitalization early.
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General management

The cornerstone for the management of dengue is support-
ive care and early recognition of warning signs. During the
febrile phase, treating symptoms with rest, antipyretic, and hy-
dration is sufficient. Every patient must be instructed regarding
the warning signs and the critical phase that could follow defer-
vescence. Patients with risk factors for severe disease must be
closely followed. Acetaminophen or metamizole are preferable
drugs for temperature control, considering their safety profile.
Non-steroidal anti-inflammatories and acetylsalicylic acid must
be avoided due to their increased risk of gastrointestinal bleed-
ing and Reye’s syndrome.[!%%]

Due to the inflammatory aspect of the disease, the use of cor-
ticosteroids in dengue infection was always considered in the
management of severe cases.[1°°] Some articles in the 1970s and
1980s found some reduction in mortality, but since then, several
studies have failed to demonstrate the benefit of using corticos-
teroids in dengue infection, even in more severe cases.[190-167] A
2014 Cochrane review!!®®! showed no significant reduction in
progression to severe disease, bleeding, severe thrombocytope-
nia, and mortality. Therefore, the WHO contraindicates the use
of corticosteroids in dengue infections.!'®*! More randomized
control trials are needed to better address this issue.

Management of plasma leakage and shock

Plasma leakage is the main mechanism of dengue shock and
probably the greatest concern in severe dengue. Around the time
of defervescence, the patient may experience worsening symp-
toms and increased capillary permeability.['°?) Volume restitu-
tion is needed to prevent or reverse the hypovolemic shock. Oral
rehydration may be sufficient in patients without warning signs
and who tolerate oral fluid intake. However, patients who do
not tolerate oral fluid intake, experience a persistent increase
in hematocrit despite oral hydration, or present warning signs
should receive intravenous fluids.

According to the WHO Recommendations for Clinical Man-
agement of Dengue,[!??! patients with severe dengue should be
promptly admitted to ICUs and receive fluid expansion. No ben-
efit or distinction in clinical improvement was found with the
use of colloid infusions over crystalloid; therefore, initial fluid
expansion with crystalloid is suitable.['®®17!] The intravenous
colloid solution is warranted in intractable shock resistant to
first resuscitation.!'%17%1 Fluid resuscitation should be guided
by clinical parameters to improve central and peripheral circula-
tion, characterized as a decrease of tachycardia, improvement of
blood pressure, or pulse volume, return of capillary refill time to
less than 3 s, improvements in the level of consciousness (more
alert or less restless), urine output >0.5 mL/(kg'h), and decreas-
ing metabolic acidosis.[®®] Hematocrit measurements may help
to assess fluid responsiveness. When hematocrit declines with-
out clinical improvement or maintenance of hypovolemic shock,
occult bleeding must be investigated. Details about the manage-
ment could be found in Figure 5.

The first 24-48 h of plasma leakage is critical, and the patient
may develop recurrent shock during this period. The unique
dynamism of this condition requires close medical observation
and sequential evaluations to guarantee the proper recovery
of hemodynamic stability. Intravenous fluids should then be
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Figure 5. Management of severe dengue, according to WHO.!10!]
WHO: World Health Organization.

weaned gradually after the improvement of the perfusion pa-
rameters. The infusion rate of fluid administration should be
progressively reduced over the 24-48 h following the plasma
leakage. With proper treatment, most patients will recover in a
few days.

Management of thrombocytopenia and hemorrhage

Bleeding manifestations are common in dengue, affect-
ing approximately 20%-60% of hospitalized patients.['7>-174]
While mucocutaneous bleeding is often mild, severe hemor-
rhage in the gastrointestinal, gynecological, and pulmonary
systems may occur, leading to fatal outcomes.!%8:175,176]
Interestingly, several studies have reported a weak cor-
relation of thrombocytopenial'’’-'7°1  and coagulation
abnormalities!'8%-181]  with the incidence and severity of
bleeding. Furthermore, the duration of shock is one of the
main risk factors for severe hemorrhage in patients with severe
dengue.!'78] Efforts to closely monitor hematocrit and vigorous
intravenous therapy may be crucial to reduce blood product
usage and shorten hospital stay.!8?]
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Prophylactic platelet transfusion

As thrombocytopenia is fairly common, the benefit of pro-
phylactic platelet transfusion has been a matter of inter-
est in several researches.!'’%183] However, randomized con-
trolled trials (RCTs) evaluating the role of transfusion for non-
bleeding or mildly bleeding patients with platelet counts be-
low 20,000/mm?!7¢1 and 30,000/mm?>!'#3] have failed to show
a significant reduction in progression to severe bleeding. Con-
versely, transfusion-related adverse events, such as circulatory
overload and allergic reactions, have been reported.!'76:1831

Studies evaluating post-transfusion platelet increment (PPI)
found that non-responders were individuals with lower baseline
platelet counts (<10,000/mm?).['®3] The authors hypothesized
that immune-mediated destruction may be more pronounced in
patients with lower platelet counts. Therefore, those more prone
to receive platelet concentrates may also be more likely to be
poor responders and not benefit from transfusion.['®3] These
findings are consistent with a retrospective pediatric study of
complicated DSS patients!'®?! and a large observational study in
adults, including severe dengue patients,!'**! which also demon-
strated no association between platelet transfusion and reduc-
tion of bleeding risk.
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Currently, there is no evidence supporting prophylactic
platelet transfusion. However, more studies with sufficient
power are needed to evaluate transfusion benefits in prevent-
ing severe bleeding at lower thresholds, especially in patients
with severe dengue.[7¢]

Transfusion and other agents for bleeding patients

Currently, there is no RCT evaluating the benefit of
platelet transfusion for patients with significant bleeding
manifestations.['®>] Additionally, immune-mediated platelet ly-
sis may destroy donor platelets.['®3! As a result, WHO sug-
gests providing only fresh packed red blood cells (RBC) and
whole blood transfusion support for patients with signifi-
cant hemorrhage.!®®) However, considering that the contri-
bution of immune-mediated platelet destruction may vary
among individuals and that about half of the patients are PPI
responders,!'#3] it seems reasonable to consider platelet transfu-
sion in cases of persistent severe life-threatening bleeding with
thrombocytopenia.[50-87,184,186,1871

Physicians should also be aware that because thrombocy-
topenia may not be the only cause of bleeding, it is important
to evaluate and correct coagulation abnormalities with fresh
frozen plasma (10 mL/kg), cryoprecipitate (1 unit per each
10 kg), and vitamin K.['87] There is currently insufficient evi-
dence to support the routine use of other agents such as recombi-
nant activated factor VII (rFVIIa), IVIg, and anti-D globulin.!'8!

Specific and local measures to control bleeding may also be
useful, such as anterior nasal packing with hemostatic sponges
for epistaxis and hormonal methods for menorrhagia.t>-'%] Un-
necessary invasive procedures should be avoided. It is impor-
tant to note that plasma leakage leads to elevated hematocrit
levels above the baseline value. Therefore, physicians should
always suspect internal bleeding in cases of persistent or wors-
ening shock despite hematocrit decrease.!'°%:187] Providing RBC
transfusion is also necessary to maintain adequate tissue oxy-
genation.

Special Population
Pregnant women

Pregnancy is a well-known risk factor for severe dengue,!”*!
as the physiological changes that occur during gestation may
often mask the clinical and laboratory features of dengue in-
fection, leading to misdiagnosis.['°?] Widened pulse pressure,
hemodilution due to blood volume expansion with a decrease of
hematocrit, leukocytosis with associated lymphopenia, and ges-
tational thrombocytopenia are some of the systemic alterations
that may confuse diagnosis.['®°] Pathological conditions such as
hyperemesis, eclampsia or preeclampsia, and HELLP (hemoly-
sis, elevated liver enzymes, and low platelet count) syndrome
are common causes of delayed management.[!°]

Pregnant women have a 3.4 times higher risk of develop-
ing severe dengue (odds ratio [OR]= 3.38; 95% confidence in-
terval [CI]: 2.10 to 5.42),['°1] which is associated with an in-
creased risk of maternal mortality (OR= 4.14; 95% CI: 1.17 to
14.73),1'9%] miscarriage (OR= 3.51; 95% CI: 1.15 to 10.77),[1%%
stillbirth (OR: 2.71; 95% CI: 1.44 to 5.10),['°%! and neonatal
deaths (OR= 3.03; 95% CI: 1.17 to 7.83).['°2] Other adverse
pregnancy outcomes, such as preterm birth (OR= 2.4; 95% CI:
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1.3 to 4.4),'°4 low birth weight (OR= 2.1; 95% CI: 1.1 to
4.0),'°*1 and congenital malformation of the brain (OR= 4.5;
95% CI: 1.7 to 11.3),['°°] have also been reported. The princi-
pal mechanism underlying these complications is thought to be
plasma leakage, which affects the placenta, causing local inflam-
matory responses such as deciduitis, choriodeciduitis, intervil-
lositis, and multifocal necrotizing villitis.

The management of dengue in pregnant women is similar to
that in the general population, with some special considerations.
The WHO recommends in-hospital monitoring for all pregnant
women, especially those close to full-term. Due to physiological
hemodilution, baseline hematocrit should be established during
the first days of the disease. The growing gravid uterus may nar-
row the tolerance of liquid accumulation: fluid overload should,
therefore, be avoided.[10%]

Elective delivery should be postponed,!'”®) and the use
of tocolytics for uterine inhibition, although not a consen-
sus, should be considered, especially in thrombocytopenic
women. 181 If delivery is inevitable, platelets transfusion should
be administered, and intravenous oxytocin analogs are rec-
ommended to stimulate uterine contraction and reduce post-
partum hemorrhage.['°°! Although information about the best
mode of delivery is sparse, most guidelines recommend avoid-
ing cesarean section.['®?] Finally, newborns should be closely
monitored for signs of dengue due to the risk of vertical
transmission.['%?] Despite studies suggesting a potential trans-
mission through mother’s milk,!'°”! there is no recommendation
for suppressing breastfeeding.[!0%!

Older adults

Managing dengue in elderly patients could be challeng-
ing due to immunological senescence, resulting in atypical
clinical presentations. Studies have shown that elderly pa-
tients with dengue are more likely to present with isolated
fever episodes, headaches, rashes, nausea, vomiting, and men-
tal confusion,!'?8-20°1 a5 well as leukopenia, higher hematocrit,
lower albumin, and experience nadir platelet counts.!’*°! Older
adults are also more likely to develop severe dengue because
they cumulate three risk factors: immunological impairment due
to senescence, higher probability of acquiring secondary infec-
tion, and increased prevalence of chronic diseases.!?!]

In addition to being more susceptible to severe dengue, el-
derly patients are also more prone to experiencing compli-
cations, such as pleural effusion, mucosal bleeding, gastroin-
testinal bleeding, hematuria, liver involvement, and acute re-
nal failure.[200,202-2041 These patients are more likely to be
admitted to ICUs, have longer hospital stays, and acquire
hospital-related infections, especially pneumonia and urinary
tract infections.[19%20°1 The fatality rate is high, reaching seven-
fold risk or higher in some studies.[200,203,204]

Management with judicious fluid therapy is imperative, and
non-invasive monitoring with echocardiography and inferior
vena cava ultrasound is recommended.[?°!! Cardiogenic shock
was found to be an important aggravation of severe disease
among elderly patients. Therefore, the use of inotropic agents
must be considered.!?°!) Regularly reviewing the need for in-
dwelling medical devices is also recommended to avoid hospital-
acquired infections.[°!] Reconciliation of previous medications
could be challenging due to polypharmacy (see below).
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Hypertensive patients

Hypotension could be misinterpreted in patients with chronic
hypertension. Therefore, hypotensive must be considered when
mean arterial pressure falls by 40 mmHg from baseline. When
evaluating shock, heart rate should not be relied upon in
patients taking p-blockers and calcium channel blockers as
these agents can decrease or increase heart rate, respectively.
Moreover, diuretic agents must be discontinued, and the use
of other antihypertensives should be closely monitored and
promptly suspended if any signs of plasma leakage and shock
are identified.[10%]

Diabetic patients

Like other infections, dengue fever can precipitate diabetic
ketoacidosis and hyperosmolar hyperglycemia in diabetic pa-
tients. Additionally, hyperglycemia can also cause osmotic di-
uresis, which can aggravate hypovolemia. Therefore, elevated
glycemia must be monitored and treated. Oral hypoglycemic
agents can cause lactic acidosis, and vomiting may reduce their
absorption. Thus, these agents must be discontinued during se-
vere dengue.['0?]

Patients on anticoagulants and antiplatelets

The management of anticoagulation therapy in dengue
infection is a subject of debate among clinicians as there is
no consensus on whether to suspend or continue it. However,
weighing the potential risk of suspension against the risk of
bleeding is essential. For patients at high risk of a thromboem-
bolic event, it is recommended to suspend anticoagulation
therapy during the critical phase of dengue, when the platelet
count is less than 100,000/uL. In these cases, unfractionated
heparin may be introduced, but close monitoring for bleeding
is necessary. Anticoagulation therapy can be resumed once
the patient stabilizes and the platelet count increases above
50,000/uL.[205,206]

Regarding antiplatelet agents, only one retrospective cohort
study assessed the safety of continuing vs. discontinuing ther-
apy. The study found no increase in bleeding in the first set
or adverse cardiac or cerebrovascular event in the second.!??”]
Balancing risk-benefit on an individual basis for each patient is
mandatory.[208,209]

Patients on statins

Statins are drugs that inhibit the enzyme 3-hydroxy-3-
methylglutaryl coenzyme A reductase and have been shown to
have an immunomodulatory effect and reduce cytokine expres-
sion in non-infective diseases. Some in vitro and animal mod-
els studies have demonstrated that statins directly reduce vi-
ral shedding and inflammation.[?!%:2!1] However, clinical data
in humans failed to confirm these findings.[*'*! Even though
one RCT has demonstrated the safety and tolerance of statin
use during dengue infection,[?'?! clinicians recommend sus-
pending statin use during dengue infection due to its com-
mon adverse event of increasing transaminases and creatine
kinase.[?1%]
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Future Perspectives

Several antiviral candidates targeting different viruses have
been proposed, including nucleoside inhibitors, non-nucleoside
inhibitors, and flexible nucleoside analogs known as “fleximes.”
These tools have been used to target classical viral proteins such
as NS3 protease, NS3 helicase, NS4B, and NS5, as well as other
targets like NS1, E protein, and viral capsid.[?'%2!5] Despite ef-
forts to develop effective drugs, few have advanced to the clin-
ical trial stage, and so there is no clear short-term prospect for
the availability of a promising antiviral.

Given the lack of an effective antiviral, the search for a vac-
cine is becoming increasingly necessary to prevent dengue infec-
tion and severe disease. Two tetravalent dengue vaccines have
been approved for use in different countries: CYD-TDV, devel-
oped by Sanofi Pasteur, and TAK-003, developed by Takeda.

The CYD-TDV, the first licensed dengue vaccine, is a recom-
binant tetravalent vaccine that uses the attenuated Yellow-Fever
virus 17D strain as the replication backbone. The vaccine com-
position replaces the PrM and E protein of Yellow-Fever virus
17D with the PrM and E protein of the different serotypes of
DENV. The overall vaccine efficacy (VE) ranges from 56.5% to
60.8%, with specific protection of over 70% for DENV3 and
DENV4: the VE for DENV1 and DENV2 is only 40%-50%. Clini-
cal trials have shown that the vaccine is 65.6% effective in chil-
dren aged over 9 years and 44.6% effective in children aged
under 9 years.[?!°] This age-dependent efficacy is likely due to
previous exposure to natural infection, as seropositive volun-
teers had higher titers of neutralizing antibodies detectable by
PRNT50 than baseline seronegative volunteers.!?!”!

Regarding hospitalization, vaccinated volunteers aged 5
years and younger were five times more likely to be hospitalized
than the placebo control group. Additionally, a 5-year follow-up
study of pre-vaccination dengue-seronegative volunteers aged
2-16 years found a higher risk of hospitalization compared to
the control group (hazard ratio [HR]: 1.75; 95% CI: 1.14 to
2.70). This risk was also higher in dengue-seronegative partic-
ipants aged 9-16 years (HR: 1.41, 95% CI: 0.74 to 2.68).[2!8]
Due to the excess risk of hospitalization among seronegative
trial participants, the WHO Global Advisory Committee on Vac-
cine Safety concluded that individuals not infected with the
DENV should not be vaccinated with CYD-TDV.[%*] These results
limit the use of the CYD-TDV vaccine in pediatric populations,
a group at high risk of severe disease.[?16:21°]

Another vaccine recently licensed for commercial use is TAK-
003, a live-attenuated tetravalent vaccine based on a recom-
binant DNA chimeric virus associated with a live-attenuated
DENV2 virus. Phase 3 clinical trials involving volunteers aged
4-16 years showed that the VE also depends on dengue serosta-
tus, serotype, and age. Additionally, the VE dropped for a long
time. Twelve months after two doses, the overall VE was 80.9%
(95% CI: 75.2 to 85.3), decreasing to 73.3% (95% CI: 66.5 to
78.8) at the end of 18 months of follow-up, 72.7% (95% CI:
67.1 to 77.3) at 24 months, and 62% (95% CI: 56.6 to 66.7) at
36 months of follow-up.t?!%:220]

Regarding protection against hospitalization, the overall ef-
ficacy of the TAK-003 vaccine was 95.4% at 12 months. This ef-
ficacy remained high at 18 months (90.4%). However, although
statistically inconclusive, the hospitalization rate due to DENV3
in previous dengue-seronegative individuals was higher than
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that of the control group at both 18-month and 36-month follow-
up periods.[219,2201

Other vaccines are being developed, some of them in the
clinical trial stages. It is still difficult to state the impact that
the approved vaccines may have in endemic countries. How-
ever, even with limitations, reducing the severity of the disease
and, consequently, hospitalization may already be a great ad-
vance. Challenges regarding different vaccine efficacies in dif-
ferent serotypes may pose a greater challenge in countries that
have implemented large-scale use, making genomic surveillance
essential for the success of the strategy.
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