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Opinion

Introduction

Currently, dengue virus (DENV) is the most prevalent of all the 
arboviruses in the world, with more than 128 countries report-
ing dengue outbreaks, and nearly 4 billion people living in at-risk 

areas for dengue infection.1 An estimated 390 million people are 
impacted each year by DENV infection, with 96 million shown to 
be dengue infection.2 Clinical manifestations of dengue infection 
vary from mild undifferentiated fever (UF) to dengue fever (DF), 
dengue hemorrhagic fever (DHF), and dengue shock syndrome 
(DSS), following the World Health Organization (WHO) 1997 
dengue guideline.3 From the study of children aged 3–14 years-old 
in Ratchaburi, Thailand, dengue infections were found to cause 
12.1% of febrile illnesses requiring hospitalization, including UF 
(49.8%), DF (39.3%), and DHF (10.9%) respectively.4 The pres-
ence of plasma leakage is an important feature in separating DHF 
from DF. There is no specific treatment for dengue infection, and 
management is merely supportive care for patients with fluid man-
agement during the critical phase, along with ongoing monitoring 
in the case of DHF.5 Mortality is often caused by delays in plasma 
leakage detection and treatment. Frequently, it is impossible to pre-
dict who will have an uneventful defervescence and those who will 
develop severe dengue. However, the use of WHO warning signs 
with special care in times of the critical phase can help to identify 
which patients need more intensive supportive treatment.6

Several theories have been proposed for the pathogenesis of 
DENV infection. DENV infections cause severe abnormal im-
mune stimulation. An abnormal immune response, such as in-
verted ratio CD4/CD8, not only reduces the ability of the immune 
system to eliminate viruses but it also induces excessive cytokine 
production, which may influence monocytes, endothelial cells, and 
hepatocytes. Various studies have characterized the monocytes 
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as natural DENV host cells and shown these monocytes to be in-
volved in both the pathogenesis and prevention of dengue, such as 
interferon-alpha (IFN-α) generation in response to DENV.3–5 Also, 
monocytes/macrophages may produce cytokines and chemokines 
that reduce the integrity of the endothelial cell layer,7–9 which may 
contribute to plasma leakage, an indication of severe dengue or 
DHF.10,11

In general, high levels of proinflammatory cytokines were 
measured in patients with severe dengue, including of interleukin 
(IL)-1ß, tumor necrosis factor-alpha (TNF-α), IL-6, IL-8, IL-10, 
and transforming growth factor-1 beta (TGF-1ß). The increased 
levels of TNF-α were associated with greater clinical severity of 
dengue infection and cases of such may develop disease progres-
sion due to excessive inflammation and vascular alterations in 
patients.12 TNF-α is also responsible for increased vascular per-
meability and hemorrhages by inducing the reactive oxygen and 
nitrogen intermediates. Plasma increase in TNF-α was associated 
with decreased blood platelet levels in clinical dengue infection.13 
The IL-6 level was significantly elevated with severe DENV infec-
tion, resulting in fatal outcome in DHF patients as compared to 
DF patients; therefore, the up-regulation of IL-6 has a significant 
role towards DHF, suggesting it as a prognostic marker for severe 
DENV infection.14 Another hypothesis for dengue pathogenesis is 
the antibody-dependent enhancement (ADE), which could explain 
the finding that serious symptoms of severe dengue occur in chil-
dren with a secondary DENV infection of a different serotype from 
the previous one. Previously available antibodies for DENV that 
cannot be neutralized were the causative factors of the enhancing 
infection in vitro.

Several studies in vivo and in vitro have found that the tissue-
damaging DENV nonstructural protein 1 (NS1) is mainly respon-
sible for the pathophysiological characteristics of severe dengue.9 
For DHF patients, plasma levels of soluble nonstructural protein 
1 antigen (NS1Ag) virus products were also higher than in DF 
patients within the first 72 hours following the onset of fever.15 
The studies using measurements of plasma viral load have shown 
that patients with DHF have a greater viral load than patients with 
DF.10,11 During the course of the disease, the maximum viremia 
tends to occur early.

In the febrile phase, dengue-infected patients develop with high-
grade fever immediately and usually take 2–7 days. During this 
stage, it is still not clinically known whether the patients diagnosed 
with dengue infection may progress to severe dengue. Non-severe 
dengue cases have clinical improvements after defervescence. 
Some patients have developed progression to the critical stage of 
plasma leakage without defervescence. However, ultrasonographic 
evidence of plasma leakage was detected as early as the third day 
of the illness in some patients, similar to previous studies in chil-
dren in the DHF case beginning from 2 days before.16

Hypothesis

Early diagnosis and early management in dengue infection with-
in the first 24–48 hours after fever onset (before occurrence of 
plasma leakage) could prevent the development of severe dengue 
(DHF/DSS) and severe complications

Generally, dengue fever is a self-limiting illness, with a mortality 
rate of less than 1% when diagnosed early and with adequate man-
agement. The mortality rate is 2–5% when severe dengue is diag-
nosed, but without treatment, the mortality rate can be as high as 

20%.17 Increased levels of cytokines cause the severity of DENV 
infection; therefore, the reduction of DENV-induced cytokines 
may be useful for treatment. The problem in practice is whether 
DHF/DSS may be preventable by inhibiting pro-inflammatory cy-
tokines once diagnosed with DENV infection. There is presently 
no treatment to improve the clinical symptoms of dengue disease.

We propose, here, early detection, early diagnosis, and man-
agement in dengue infection within the first 24–48 hours after fe-
ver onset but before the occurrence of plasma leakage, which will 
prevent the development of severe dengue (DHF/DSS) and severe 
complications as well as an expanded dengue syndrome (EDS), 
unusual manifestations of dengue infection with high mortality. In-
tegrated management strategies for early dengue infection consist 
of 4-dimensional aspects as follows:

1.	 Rehydration with oral rehydration therapy (ORT) in patients 
with mild to moderate dehydration from high fever as well 
as from vomiting.

2.	 Reduction of the pro-inflammatory cytokines, including 
TNF-α and IL-6, with oral cytokine inhibitors (i.e. pentoxi-
fylline and doxycycline).

3.	 Inhibition of DENV replication, viral load reduction, and 
NS1Ag clearance with doxycycline and ivermectin.

4.	 Restoring the immune function with vitamin D and zinc sup-
plementation.

A summary of the integrated management strategies for early 
DENV infection, including the recommended dosages, benefits, 
and side effects, is shown in Table 1.18

Pentoxifylline can reduce the proinflammatory actions of 
TNF-α, and one study has shown the possible use of pentoxifylline 
in severe dengue.19 Treatment with tetracycline or doxycycline has 
significantly reduced cytokine levels in DHF/DSS patients.20 The 
3-day treatment with ivermectin showed a considerable difference 
in clearance time for NS1, even though there was no clinical effec-
tiveness of ivermectin, as seen in that study.21 Vitamin D has been 
demonstrated to regulate immune response and to relieve dengue 
disease. Vitamin D can activate a down-regulation of proinflam-
matory cytokine expression, while enhancing the anti-inflamma-
tory cytokine expression. Zinc has many antiviral effects that are 
recognized by promoting the normal functioning of the innate im-
mune system upon generating both innate and humoral immune 
responses.

Evaluation of the hypothesis

Importance of early diagnosis of dengue infection within 24–48 
hours after fever onset

Early and correct diagnosis of dengue infection is essential to di-
rect careful management but mostly based on clinical signs and 
symptoms, including the epidemiologic history, such as live-in/
travel-to an endemic area is a problem. To avoid complications 
typically seen between the fourth and sixth days of the disease, 
treatment administration has to be carried out earlier in the course 
of the disease. A study in Vietnamese adults with a history of 72 
hours or less of dengue infection with treatment using chloroquine 
found no shortened viremia or NS1 antigenemia and no clinical 
benefit in dengue patients.22 A study of oral short-course predni-
solone in Vietnamese patients with early dengue infection (clini-
cally-diagnosed dengue and fever) for less than 72 hours found no 
correlation with any major adverse clinical or virological effects, 
nor with a decrease in the complications of dengue diseases.23 
Both studies indicate that any treatment will likely start very early 
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during the course of the disease for favorable results and clinical 
benefit. Because plasma viremia tends to peak within 24–48 hours 
of fever onset and the occurrence of plasma leakage could begin 
as early as the third day of the disease from the ultrasonographic 
study,16 any intervention that can cause a positive clinical effect 
should be initiated within 24–48 hours after fever onset and also 
the first or second time to seek medical treatment in most patients. 
Successful therapies tend to need early treatment for providing 
physiologically beneficial responses. In summary, screening, di-
agnosis, and initiation of treatment with integrated management 
strategies would all occur within 24–48 hours of the onset of fever, 
which is considered a golden period of treatment.

Importance of screening and confirmatory tools

The traditional tourniquet test was utilized as a dengue diagnostic 
sign, according to the WHO 2009 guidelines for dengue. Nonethe-
less, a meta-analysis of 16 trials showed that the diagnostic effi-
ciency was low, with a sensitivity and specificity of 58% and 71% 
respectively; although, there was a high level of bias in the publi-
cations. The low biological relation between dengue infection and 
capillary fragility could be the cause of the low diagnostic efficacy 
of the tourniquet test.24

Laboratory tests require a complete blood count (CBC) to dif-
ferentiate and confirm the diagnosis. The CBC in patients with 
dengue infection changes with fever days, especially on days 3 to 
8, beginning with progressive leukopenia accompanied by throm-
bocytopenia and hemoconcentration caused by vascular leakage.25 
Thrombocytopenia is not an initial predictor for DHF because the 
platelet counts in the early febrile stage of DF and DHF do not 

differ significantly. The platelet count is a tool to monitor the pro-
gress of the disease more than the early indicator for severe dis-
ease. NS1Ag is a highly-conserved glycoprotein produced from 
infected cells and can be examined to detect dengue infection. It 
exists in the acute viremic phase of infection as opposed to immu-
noglobulin M (IgM) and immunoglobulin G (IgG).

Because the NS1Ag can be early detected, specific to dengue, 
and a large amount in the sera, it is suitable for early diagnosis and 
helps to inform clinical management. These features make NS1Ag 
the best choice for rapid diagnostic and confirmatory testing. The 
NS1Ag diagnostic kits vary extensively in sensitivity and specific-
ity.24 The diagnostic sensitivity of the NS1Ag test in the febrile 
stage will exceed 90% for primary infections. In the febrile stage, 
the sensitivity of the NS1Ag test is less than in the secondary infec-
tion (60–80%), indicating the anamnestic immune response caused 
by previous DENV infection.26 In practice, the doctors cannot 
screen every patient showing acute febrile illness with the dengue 
NS1Ag tests, especially if the CBC did not suggest the existence of 
leukopenia, because it is wasteful and not worthwhile.

We have recently demonstrated invisible facial flushing in two 
cases of dengue infection and influenza by using PC software and 
a smartphone application: decorrelation stretching and K-means 
clustering.27 This innovative method is capable of showing invis-
ible face flushing in dengue infection by using image enhancement 
with decorrelation stretching combined image segmentation with 
K-means clustering. From the National Aeronautics and Space 
Administration’s technology: decorrelation stretch to android ap-
plication (Rock Art Enhancer App) was applied to the novel medi-
cal innovation for screening tools. With this method, we could use 
the enhanced single face photo as a new screening method for the 
diagnosis of dengue infection and influenza by smartphone appli-

Table 1.  Integrated management strategies for early DENV infection consist of four-dimensional aspects

Strategy Agents Dosage Benefit Side effects

Rehydration 
with ORT

ORS Ad libitum or as much 
as one desires

Correction and prevention 
dehydration

Vomiting and 
diarrhea if too much 
or rapid drinking

Reduction of the 
proinflammatory 
cytokines, including 
TNF-α and IL-6

Pentoxifylline 10 mg/kg twice daily 
(max. per dose 400 mg 
twice daily) for 3 days

Inhibition of TNF-α, IL-1, and 
IL-6; Reduction in fever intensity; 
Prevention of thrombocytopenia

Upset stomach, 
nausea, and vomiting

Doxycycline 2.5 mg/kg once daily 
(max. per dose 100 mg 
once daily) for 3 days

Reduction in TNF-α and 
IL-6 level; Prevention of 
thrombocytopenia and 
progression to severe dengue

Gastritis, nausea, 
and vomiting

Inhibition of DENV 
replication, viral 
load reduction, 
NS1Ag clearance

Doxycycline 2.5 mg/kg once daily 
(max. per dose 100 mg 
once daily) for 3 days

Inhibition of DENV replication; 
Reduction of the illness duration

Gastritis, nausea, 
and vomiting

Ivermectin 400–600 µg/kg/dose 
once daily for 3 days18

Inhibition of nuclear transport 
proteins (importin α/β1) for 
viral replication; Decrease 
in NS1 clearance time

None

Restoration of 
immune function

Vitamin D 2,000 IU/kg/day for 3 days 
(max. per dose 50,000 
IU once daily for 3 days) 
(pharmacological doses)

Reduction in the production 
of TNF-α and NF-κB as well as 
the inflammatory cytokines 
IL-6, IL-8, IL-12, and IL-17; 
Control of dengue progression

None

Zinc (zinc chelated 
for better 
absorption)

Children >6 months of age: 20 
mg/day; Adults: 50–100 mg/
day (pharmacological doses)

Recovery of impaired 
immune cell function; Early 
recovery of the disease

None
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cation.28 According to our experience, the sensitivity of the three-
step technique for all screening tests in dengue is up to 97.8%. 
Thus, this innovative method will be a new screening tool and as-
sist all medical providers to get an effective screening test in con-
junction with the conventional method for the early diagnosis and 
detection of dengue infection.

Early management proposal of dengue infection within 24–48 
hours of fever onset

Rehydration with oral rehydration solution (ORS)

Dengue patients tend to be vulnerable to dehydration due to high 
fever, nausea, and vomiting, altogether. ORT should be used for 
patients with moderate dehydration due to high fever and vomit-
ing. In a study from a healthcare center in Nicaragua, the amount 
of fluid intake in the 24-hour period before coming to see a doctor 
with a high fluid intake at home could decrease the necessity for 
hospitalization of DF patients.29 This study indicated that main-
taining hydration may result in a decrease in hospitalizations of 
patients with DF/DF with hemorrhagic manifestations. The “per-
sistent vomiting” in the WHO 2009 is a warning sign for dengue 
case classification, in which one study suggested that the definition 
of permanent vomiting should be two or more vomits per day.30

Therefore, after one time of vomiting, the patient should be rec-
ommended to avoid eating food and replaced their diet with ORS 
to prevent further vomiting and developing even more dehydra-
tion. As for the WHO dengue guidelines (2012), dengue patients 
are advised to use multiple oral solutions, instead of using plain 
water for fluid treatment.6 One small study demonstrated the ten-
dency that oral isotonic solution (OIS) to be acceptable and effi-
cient, as opposed to plain water for dengue patients.31 The amount 
of oral fluids received is ad libitum or as much as one desires.

Pentoxifylline

Pentoxifylline is a nonspecific phosphodiesterase inhibitor, a well-
established hemorheological factor, and functions for suppressing 
TNF-α production in macrophages via the cyclic AMP pathway.32 
Pentoxifylline can inhibit the dose-dependent production of TNF-α 
at both the messenger ribonucleic acid (mRNA) level and the bio-
activity level.33 Pentoxifylline is a widely available oral anti-TNF 
agent with a history of safety for over 50 years, and many studies 
have confirmed that pentoxifylline is an important inhibitor against 
TNF in the treatment of alcoholic hepatitis, over the last decade.34 
Pentoxifylline inhibits the synthesis of various proinflammatory 
cytokines (TNF-α, IL-1, IL-6) and prevents T lymphocyte cells 
and neutrophils from activating, proliferating, adhering, polar-
izing, and chemotaxis.35 Pentoxifylline has an anti-inflammatory 
role in the development of proinflammatory cytokines, including 
TNF-α, IL-1, and IL-6.36 TNF-α as well as IL-1 are the main en-
dogenous pyrogens, so using the pentoxifylline in dengue-infected 
patients may help in the reduction of fever intensity and the defer-
vescence period.

In a pilot study, pentoxifylline has been demonstrated to reduce 
the proinflammatory actions of TNF-α, an important cytokine of 
DHF. TNF-α is a proinflammatory cytokine that has been linked 
with the vascular leakage phenomenon. The TNF-α inhibitor pen-
toxifylline elicited a substantial decrease in the average duration of 
intensive care unit (ICU) stay and decreased TNF-α levels.19 The 
key finding showed a significant decrease in TNF-α values at 24 

hours after the administration of pentoxifylline, in comparison to 
the control group. The result was more obvious in the subgroup of 
patients with greater-than grade III DHF, a group that is more like-
ly to benefit from treatment because of the significance of TNF-α 
in plasma leakage.

Studies of the TNF-α blocking agent pentoxifylline have shown 
satisfactory results in child populations for a variety of pathologies, 
such as Kawasaki disease. Because TNF-α plays a major role in 
the inflammatory process in Kawasaki disease, pentoxifylline has 
been evaluated as a complementary drug in standard therapy.37 A 
study recently demonstrated the pharmacokinetics of an oral pedi-
atric suspension of pentoxifylline in children diagnosed with acute 
Kawasaki disease.38 This drug was well tolerated and did not cause 
any toxic effects. The studies in preterm infants with sepsis found 
fewer complications with reduced mortality in the pentoxifylline-
treated cases.39 Pentoxifylline is an oral drug, readily available at 
an affordable price; so, it is useful in treating many inflammatory 
diseases, especially in countries with limited resources. The most 
common side effects of pentoxifylline are gastrointestinal distur-
bances, such as the upset stomach, nausea, and vomiting, which 
can be lessened by taking it with meals. If the theoretical treatment 
benefits of pentoxifylline for DENV infection can be demonstrated 
clinically, it would be a cost-effective, readily available, and useful 
treatment strategy to attack unfavorable cytokine overproduction 
in this disease.

Doxycycline

Doxycycline is a semi-synthetic derivative of tetracycline, as well 
as the well-defined antibiotic effect at high dose (100 or 200 mg/
day), in vitro studies, both high-dose and low-dose doxycycline 
(20–40 mg/day) have anti-inflammatory effects, inhibiting action 
on metalloproteases and modulating effects of IL-6, IL-8, and 
TNF-α proinflammatory cytokines.40 However, better efficacy of 
low-dose doxycycline, rather than high-dose, in the prevention of 
induced proinflammatory cytokines (i.e. IL-6) in inflammatory dis-
eases were shown in the study. Doxycycline is quickly absorbed 
and almost completely after oral administration. It is a widely 
available and cheap drug, with a good safety profile. Digestive 
system conditions (nausea, vomiting, diarrhea, stomach pain, gas-
tritis) and skin disorders (rash, sensitivity to sunlight) are the most 
common side effects.

In the past, doxycycline was contraindicated during pregnancy, 
due to its possible harmful teratogenic consequences, including in 
children under the age of 8 due to the possibility of yellow teeth 
discoloration and hypoplasia of the dental enamel. To date, rec-
ommendations have changed about doxycycline but not for other 
tetracyclines, which should be used for short courses (<21 days), 
irrespective of age.41 Therefore, doxycycline is safe for short-term 
use in children of all ages, without concerns of tooth discoloration 
or tooth enamel weakening.42

Doxycycline, in addition to its immunomodulatory effect, has 
demonstrated ability to inhibit DENV replication in vitro by re-
ducing the function and entry of viral proteases into the host cell, 
with particularly high activity against DENV2 and DENV4 in 
comparison to DENV1 and DENV3.43,44 Oral administration of 
doxycycline in patients with DF resulted in significantly reduced 
cytokine levels of IL-6 and TNF-α.45 In DHF cases, doxycycline 
decreased proinflammatory cytokines, including IL-6 and TNF-α, 
and the mortality rate was 46% less in doxycycline groups (11.2%) 
than in untreated groups (20.9%).46 Furthermore, in decreasing 
such proinflammatory cytokines, doxycycline was more power-
ful than tetracycline.47 Doxycycline was very efficient in control-
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ling cytokine and cytokine receptor/antagonist levels and may be 
clinically useful for managing DENV infection by attenuating the 
cytokine cascade. Consequently, the anti-inflammatory and im-
munomodulatory effects of doxycycline may help to diminish the 
intensity of clinical symptoms and prevent progression of DENV 
infection to severe dengue, such as severe DHF and DSS.

Ivermectin

Ivermectin was discovered in the late 1970s and was developed by 
Satoshi Ōmura and William C. Campbell, who earned the Nobel 
Prize in Physiology or Medicine in 2015.48 Ivermectin has been 
prescribed for a long time in the treatment of infectious diseases 
in mammals, having high lipid solubility, with various impacts on 
parasites, nematodes, and arthropods. In addition to having an-
tiparasitic activity, ivermectin offers several other potential effects, 
including antimicrobial, antiviral, and anticancer, as well as im-
munomodulation in the host.

Ivermectin exerts antiviral functions by inhibiting host nuclear 
import receptors importin-α and importin-β (importin α/β1 nuclear 
transport proteins). These receptors are essential for DENV NS5 
migration to the nucleus for efficient replication.49 Ivermectin is ef-
ficient on several enveloped, positive-sense, single-stranded RNA 
viruses, as well as severe respiratory syndrome coronavirus-2 
(SARS-CoV-2). Over the past 50 years, numerous studies, both 
in vitro and in vivo, found ivermectin to have antiviral activity on 
RNA viruses, including Zika, dengue, yellow fever, West Nile vi-
rus, Chikungunya and Avian influenza A, etc.50,51 In one study,50 
addition of the drug before the first 14 hours of entry of the virus 
into the cell demonstrated a stronger antiviral effect against the 
yellow fever virus, and this effect reduced significantly after the 
onset of intracellular RNA synthesis. Therefore, ivermectin may 
be effective in the initial stages of infection and should be used for 
the prevention or treatment of viral infections in the early stages 
rather than in the late stages. In the study of nuclear localization of 
DENV1–4 NS5, the inhibitor ivermectin’s defense worked against 
all 4 DENV serotypes, disclosing its inhibitory impact on the pos-
sible function of ivermectin as an antiviral agent in the treatment 
of DENV infection at the importation of α/β-mediated nuclear im-
port.52

A phase III study of a once-daily dosage of oral ivermectin 
400 µg/kg for 3 days compared to placebo for treating dengue 
infected patients, aged 15 years or older in Thailand, found it to 
be safe. Important differences in the NS1 clearance time and the 
percentage of patients with NS1 negativity at discharge within the 
two treatment groups indicated virological effectiveness. Never-
theless, ivermectin did not demonstrate therapeutic effectiveness 
in this study,21 which may be from use in the late stages (duration 
of presence of fever ≤72 hours) and inpatient cases after intracel-
lular viral RNA synthesis and replication. A clinical trial of phar-
macokinetics and pharmacodynamics of ivermectin in pediatric 
dengue patients is now ongoing. All pediatric dengue patients will 
be administered ivermectin at 400–600 µg/kg every 24 hours for 
a total of three times. This clinical trial will study the effects of 
ivermectin on viral load or viremia clearance and NS1 antigen-
emia clearance.53

Ivermectin was accepted for the treatment of scabies in adults 
and children, but usage is off-label in infants and children weigh-
ing 15 kg or under. A multicentric observational study in infants 
and children below 15 kg with scabies and treated with oral iver-
mectin revealed the safety and effectiveness of ivermectin for the 
management of infants and young children with that disease.54 
Of the 170 infants and children weighing less than 15 kg, just 

seven individuals who were treated for oral ivermectin scabies 
identified minor adverse effects and no severe ones. Therefore, 
oral ivermectin has a very good safety profile with minimal side 
effects.

Vitamin D supplementation

Vitamin D is an immunomodulating hormone with anti-inflamma-
tory and antimicrobial activity, and vitamin D is considered to play 
an important role in the immune system.18 The vitamin D receptor 
has been discovered in many organs and tissues, including cells 
in the brain, breast, lung, colon, bone marrow, and immune cells, 
both macrophages and white blood cells.

Vitamin D could diminish the production of T helper type 1 
(Th1) cells and reduce the pro-inflammatory cytokines by inhibiting 
inflammatory progression and decreasing the production of inflam-
matory cytokines, such as IL-6, IL-8, IL-12, and IL-17.55 Vitamin 
D also reduces the production of TNF-α and nuclear factor-kappa B 
(NF-κB). Also, 1,25(OH)2D, a biologically active form of vitamin 
D, specifically inhibits interferon-gamma (IFN-γ) and IL-2. The 
importance of vitamin D in the skeletal system is well established. 
New data suggests that it plays an essential role in immune system 
regulation, such as the immune response to viral infections.56

Vitamin D3 has been identified as an essential immune response 
modulator for several pathogenic agents. Interestingly, there is in-
creasing evidence of vitamin D relation to decreased DENV infec-
tion and early recovery of the disease. Many studies have shown the 
association of vitamin D with significantly reduced DENV infection 
and early recovery of the disease. Puerta-Guardo et al.57 studied the 
impact of vitamin D3 treatment on two types of dengue-infected 
human cell lines (hepatic Huh-7 and monocytic U937). That study 
showed that response to 1,25-dihydroxy vitamin D3 decreased the 
amount of infected cells significantly, especially in monocytic cells, 
and reduced the generation of proinflammatory cytokines. Vitamin 
D3 significantly diminished the levels of proinflammatory cytokines 
(TNF-α, IL-6, IL-1β, etc.) released by the infected U937 cells. Such 
findings indicate vitamin D3 may be a beneficial antiviral agent. 
There is also a report on the relationship between the vitamin D 
receptor gene polymorphism and the possibility of symptomatic 
dengue requiring hospitalization.58 Arboleda Alzate et al.59 found 
that monocyte-derived macrophages (referred to here as MDMs) 
differentiated in the presence of vitamin D, as well as expressing 
lower mannose receptor levels, being less vulnerable to DENV in-
fection and generating low levels of proinflammatory cytokines in 
comparison to MDMs differentiated in the absence of vitamin D. 
Therefore, differentiated human macrophages in the presence of 
vitamin D3 inhibit DENV infection and the innate responses by 
reducing mannose receptor function. The molecular mechanism 
study shows that vitamin D ameliorates the development of severe 
disease with DENV infection, and highlights its importance as a 
candidate for the prevention or treatment of the disease.

Vitamin D supplementation at high doses is linked with lower 
susceptibility to DENV infection from MDMs and proinflammatory 
cytokine production.60 The results of an exploratory study showed 
that vitamin D can also suppress DENV infection and improve the 
down-regulation of proinflammatory cytokine expression, while 
improving anti-inflammatory cytokine production. In this study, 
vitamin D supplementation at 4,000 IU/day was a sufficient dose 
to control dengue progression and dengue replication. Martínez-
Moreno et al.61 investigated the outcome of large doses of DENV 
replication vitamin D treatment, toll-like receptor expression, and 
dendritic cell cytokine profiles. In summary, the administration of 
vitamin D at 4,000 IU/day in 20 healthy donors challenged with 
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DENV-2 reduced the DENV-2 infection, and this finding supports 
the important role of vitamin D in enhancing the innate immune re-
sponse to DENV. Such findings indicate that increased supplemen-
tation of vitamin D may be a way of reducing the proinflammatory 
activity observed in severe dengue patients and could be used as a 
treatment strategy to control the progression of dengue infection.

Zaman et al.62 studied the efficacy of vitamin D in the preven-
tion of DHF and DSS. Patients diagnosed with DF participated in 
this comparative analysis. The patients were split into two groups, 
each having 62 patients. Group A received a single dose of 200,000 
IU vitamin D and group B received none of it. In that study, the 
group receiving vitamin D had less progressive DF to DHF. In con-
clusion, vitamin D reduced the risk of DHF and may be useful in 
managing DF. Therefore, all studies show the relationship between 
vitamin D and the clinical results of DENV infection, including 
reduced levels of proinflammatory cytokines.

Zinc supplementation

Zinc is important for the growth and development of all human 
beings. Previous studies have shown that zinc exhibits a range of 
direct and indirect antibiotic activities that are realized through 
different pathways. The administration of zinc supplements can 
increase antiviral protection, both innate and humoral, to main-
tain deficient immune cell activity or to boost normal immune cell 
activity, especially in patients who are immunocompromised or 
elderly. Zinc is necessary for a healthy immune system function.63

Zinc has been implicated in numerous biological processes and 
has different antiviral effects, both direct and indirect. The first 
line of defense is innate immunity, which means natural defense 
to infection. Innate immunity activities are impaired by changing 
zinc levels. Zinc deficiency is related to increased susceptibility 
to bacterial, virus, and fungal infections. The proper administra-
tion of zinc supplements in adequate therapeutic doses can recover 
impaired immune cell function or enhance regular immune cell 
function.64 It is estimated that zinc deficiency occurs in approxi-
mately one-third of the population in the world, estimated from 4% 
to 73% across sub-regions. A mild to moderate deficiency of zinc 
is widespread worldwide, while severe zinc deficiency is uncom-
mon.65 Zinc deficiency in low-income countries is very common, 
which has a huge impact on children’s health, especially as it im-
pairs the immune system and causes infection.

In a study in Thailand, zinc deficiency in children with DENV 
infection revealed that zinc deficiency with dengue disease is 
widespread and patients with low zinc levels have a slightly longer 
period of fever and length of hospitalization than children with ba-
sal normal levels.66 A study of zinc supplementation as an adjunc-
tive treatment for DENV infection in Thai children revealed that 
46% of children admitted with DF/DHF had a zinc deficiency.67 
These children had a longer hospitalization than those with regu-
lar zinc levels, regardless of zinc supplementation. Although the 
time to defervescence does not benefit from zinc supplementation, 
children with basal normal zinc levels and with zinc supplemen-
tation demonstrated a shorter duration of fever. Ultimately, that 
study showed that zinc supplementation at admission to hospital 
for dengue disease might lead to reducing staying in the hospital.

Early diagnosis and early management in dengue infection: a 
possible applied strategy to coronavirus disease (COVID-19)

The global situation of COVID-19, which is considered to be the 
official pandemic, is likely to continue to rise. It has involved at 

least 213 countries, and more than 50,000,000 people worldwide 
have been infected, including deaths of more than 1,200,000 peo-
ple.68 Early detection of COVID-19 is important for the treatment 
and prevention of infectious diseases. There is currently no stand-
ard treatment or available vaccine for COVID-19; therefore, we 
propose integrated management strategies for the early outpatient 
management of COVID-19 infection.

Both the clinical characteristics of COVID-19 and immu-
nopathogenesis are comparable to dengue infection, particularly 
the hypercytokinemia (a “cytokine storm”),69–71 characterized by 
excessive secretion of cytokines in great amounts and elevated lev-
els of proinflammatory cytokines, similar to emerging pathogenic 
viruses, like Ebola and the Middle Eastern coronavirus respiratory 
syndrome (known as MERS-CoV).72–75 From our experience in 
early management of dengue infection, we have successfully treat-
ed early dengue infection with early recovery results and without 
the progression to severe disease. Therefore, integrated manage-
ment strategies for COVID-19 infection can also be applied in the 
same manner as with dengue infection. Therapeutic approaches 
based on these strategies include the following:

1.	 Reduction of the proinflammatory cytokines, including 
TNF-α and IL-673–75 with oral cytokine inhibitors (i.e. pen-
toxifylline76–80 and doxycycline81–86).

2.	 Inhibition of COVID-19 replication and viral load reduction 
with doxycycline86–91 and ivermectin.89–102

3.	 Restoring the immune function with vitamin D103–111 and 
zinc supplementation.112–115

From the citations of proposed COVID-19 treatments up to 
the present, there are more than 40 literature reviews and research 
studies that attempt to reason and explain the possibility of a treat-
ment for COVID-19 with the same agents as in our proposed man-
agement of early dengue infection.

Also, there are more than 10 countries116 which have protocol 
and clinical trial studies for treatment of COVID-19 showing good 
results and low mortality rates by one or more agents, among five 
agents, as described:

1.	 Argentina: Ivermectin for treatment and prevention
2.	 Australia: Triple therapy with ivermectin plus doxycycline 

and zinc
3.	 Bangladesh: Double therapy with ivermectin plus doxycy-

cline
4.	 Bolivia: Ivermectin for treatment
5.	 Brazil: Ivermectin plus vitamin D
6.	 Dominican Republic: Ivermectin for treatment
7.	 El Salvador: Ivermectin plus zinc and vitamin D in protocol 

treatment
8.	 Ethiopia: Ivermectin to prevent river blindness and COV-

ID-19
9.	 Guatemala: Ivermectin plus zinc and vitamin D in protocol 

treatment
10.	India: Quadruple therapy with ivermectin plus doxycycline,    

zinc, and vitamin D
11.	Peru: Ivermectin in the treatment protocol
12.	USA: South Florida: Ivermectin for treatment (ICON study);  

California: Clinical trial of combination therapy to treat 
COVID-19 infection (Ivermectin + doxycycline + zinc + vi-
tamin D + vitamin C)

Future directions

The incidence of dengue has grown rapidly over the last decade 
around the world. About half of the world’s population is now at 
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risk. Each year, approximately 100–400 million infections occur.117 
Earlier this year, WHO stated that dengue is a potential threat among 
the top 10 diseases for the year 2019, and the current outbreak in 
many countries confirms this observation.118 Overall average costs 
were I$ (international dollars) 514 and I$ 1,394 for outpatient and 
hospital cases respectively. The aggregate annual economic cost 
of dengue for the eight study countries, with an annual average of 
574,000 patients documented, is no less than I$ 587 million.119

Nowadays, treatment strategies for dealing with DENV infec-
tions as well as DF, DHF are only supportive. There is no par-
ticular treatment for dengue/severe dengue. Early diagnosis and 
early management proposal in dengue infection with integrated 
strategies within 24–48 hours after fever onset have a low risk 
and a significant potential yield; therefore, they require scientific 
validation. Four-dimensional aspects are proposed for addressing 
the early dengue infection to early recovery without complications 
and to prevent the disease progression to dengue fever and severe 
dengue, such as DHF, DSS, and EDS.

Meena et al.13 found that the increase in plasma TNF-α is linked 
to reduced platelet levels in clinical dengue infection; therefore, 
TNF-α is likely to play a role in enhancing DENV pathogenesis 
by contributing to the dengue-associated thrombocytopenia. Two 
oral cytokine inhibitors (i.e. pentoxifylline and doxycycline) can 
modulate proinflammatory levels of cytokines, including TNF-α, 
IL-1, and IL-6, in the DENV-induced cytokine cascade to reduce 
and prevent DENV-induced thrombocytopenia in DF and DHF.

Doxycycline and ivermectin will inhibit DENV replication, 
resulting in reduced plasma virus load and NS1 antigenemia. 
Supplementation of vitamin D and zinc will be of beneficial ef-
fect to those with a deficiency, and vitamin D can cause a down-
regulation of proinflammatory cytokine function, while zinc can 
influence the immune response by restoring impaired immune cell 
activity or enhance the normal function of the immune cells. Both 
might help reduce the risk of disease progression associated with 
severe dengue and the severity of clinical symptoms.

From our 5-year (2015–2019) experience in early management 
of dengue infection, there are 23 dengue-infected patients, rep-
resenting 14 males and 9 females. The mean age was 10 years-
old (range: 3–56 years) and the median age was 8 years-old. All 
patients were diagnosed and initiated on treatment within 24–48 
hours after fever onset, following the integrated management 
strategies as outpatient cases. The earliest time of diagnosis and 
management was 2 hours after fever onset. All patients were suc-
cessfully recovered within 4–5 days, without admission to the 
hospital. Most patients had a reduction in fever intensity within 
24 hours and almost had fever clearance time within 48 hours 
after treatment. There was no hemoconcentration in any case, in 
which the changes of hematocrit were between −5% to +8%. The 
platelet counts on the last day of treatment showed the lowest 
value as 177,000 cell/mm3 and the highest value as 364,000 cell/
mm3. All cases had recovered to the convalescent phase without 
any complications.

We expect benefits to result from early diagnosis and the early 
management proposal in dengue infection to achieve better both 
clinical and laboratory outcomes as follows:

1.	 Reduction in the defervescence period or fever clearance 
time and intensity of fever;

2.	 Reduction in the duration of illness to recovery or convales-
cent phase;

3.	 Lower incidence of DHF/DSS, decrease in the occurrence of 
shock or other known complications;

4.	 No plasma leakage or no critical phase; that is, the clinical 
symptoms will be better at the time of defervescence;

5.	 Reduction in the maximum percent hemoconcentration;

6.	 Minimal change of the minimum platelet count during the 
time of defervescence, so that dengue infection will eventu-
ally become UF or only viral infection, rather than DF and 
others;

7.	 Reduction in hospitalization and cost of treatment.

Conclusions

We believe that these hypotheses must be useful and possible for 
dengue infection, including other virus-induced hypercytokine-
mia, such as COVID-19 and Ebola. As such, with the protocol of 
the five agents, i.e., pentoxifylline, ivermectin, doxycycline, zinc, 
and vitamin D (Fig. 1), we can treat in the early stage of both den-
gue infection as well as COVID-19 simultaneously. It will be use-
ful and greatly significant, especially in the case of COVID-19, in 
dengue-endemic countries which have co-infection cases. Finally, 
a randomized, controlled trial should be designed to assess the 
agents’ ability to induce early recovery, prevent disease progres-
sion to severe dengue, and reduce the currently higher incidence of 
severe dengue-related morbidity and mortality.
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