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Abstract: Nonstructural protein 1 (NS1) is a glycoprotein among the flavivirus genus. It is found
in both membrane-associated and soluble secreted forms, has an essential role in viral replication,
and modulates the host immune response. NS1 is secreted from infected cells within hours after
viral infection, and thus immunodetection of NS1 can be used for early serum diagnosis of dengue
fever infections instead of real-time (RT)-PCR. This method is fast, simple, and affordable, and its
availability could provide an easy point-of-care testing solution for developing countries. Early
studies show that detecting NS1 in cerebrospinal fluid (CSF) samples is possible and can improve
the surveillance of patients with dengue-associated neurological diseases. NS1 can be detected
postmortem in tissue specimens. It can also be identified using noninvasive methods in urine, saliva,
and dried blood spots, extending the availability and effective detection period. Recently, an enzyme-
linked immunosorbent assay (ELISA) assay for detecting antibodies directed against Zika virus NS1
has been developed and used for diagnosing Zika infection. This NS1-based assay was significantly
more specific than envelope protein-based assays, suggesting that similar assays might be more
specific for other flaviviruses as well. This review summarizes the knowledge on flaviviruses’ NS1′s
potential role in antigen and antibody diagnosis.
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1. The Flavivirus NS1

NS1 is a highly conserved nonstructural glycoprotein (46 kDa) encoded by most fla-
viviruses [1]. These viruses, transmitted mainly by arthropods, are the causative agent of
many severe diseases, including dengue fever, West Nile, yellow fever, Zika, and more [2].
Flaviviruses are small, enveloped viruses containing a positive-sense single-strand RNA
genome. This genome encodes a large polyprotein precursor that is further processed, co-
translationally and post-translationally, by viral and cellular proteases into three structural
proteins (capsid protein, membrane protein and envelop protein) and seven nonstructural
proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5). The structural proteins build the virion,
whereas the nonstructural proteins are involved in viral replication [1–3]. NS1 can be found
both as a membrane-associated, highly stable dimer and a secreted soluble, lipid-associated
hexamer [4,5]. In the infected cell, NS1 is synthesized as a soluble monomer and dimerizes
after it is post-translationally modified in the lumen of the endoplasmic reticulum [4]. The
membrane-associated NS1 can be found both in cellular compartments and on the cell sur-
face [4]. Secreted NS1 is transported to the cell surface and accumulates extracellularly as
a hexamer [6], which also binds the plasma membrane of cells through interactions with
specific sulfated glycosaminoglycans [7,8]. Soluble NS1 is present in serum and other body
fluids [9–12]. Although it does not have a known catalytic function, it is clear that NS1 is
essential for efficient viral RNA replication [5,13]. NS1 proteins also modulate endothelial
permeability in a tissue-specific manner, correlating with disease pathology [14]. It has been
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shown that the immune response against NS1 might damage endothelial cells due to a cross-
reaction of the antibodies and immune complex formation, which can elicit autoantibodies
that react with platelets and extracellular matrix proteins [15].

Specific antibodies to membrane-associated NS1 and antibodies against soluble NS1
further enhance the activation of the complement system [8]. The connection between those
antibodies and the complement system can result in hemorrhage and capillary-leakage,
which is part of the characteristics of a severe disease [8,14–16].

2. The Role of NS1 in Dengue Fever Diagnosis

Dengue fever (DF) is an arthropod-borne viral disease that is responsible for the
greatest human disease burden [17,18]. The estimation of annual deaths is 10,000 and the
estimation of apparent infection cases is between 100–400 million [17,19,20]. About 50% of
the world’s population lives in dengue virus (DENV) endemic areas [20,21]. DENV infec-
tion is caused by four distinct serotypes (DENV 1-4), which are antigenically distinct [19].
All four serotypes may cause different forms of the disease, ranging from an asymptomatic
infection and febrile illness to the more severe dengue hemorrhagic fever (DHF), dengue
shock syndrome (DSS), and their related complications [22]. Infection with one of the
DENV serotypes provides lifelong immunity to that specific serotype. However, immunity
against other serotypes is limited and usually does not last for more than a few months [23].
Clinical diagnosis of DF as primary or secondary infection is important, as the greatest risk
for DHF/DSS is considered to be with a second DENV serotype exposure (while the risk
for DHF with a third or fourth dengue infection is very low) [23–26].

2.1. NS1 in Serum Samples

DF is diagnosed using several assays, which are all based on DENV markers in the
host. These markers are antibodies against the envelope protein of DENV (IgM\IgG) and
the RNA of the virus [27,28].

The serological assays, based on the detection of IgM and IgG antibodies against the
envelope protein, have several advantages. They are available at a low cost and do not
require high-end equipment [29]. However, a significant disadvantage of this method is
its inability to diagnose the disease in the acute phase of infection since IgM levels in the
serum become detectable only after 3–5 days from symptoms onset, and peak approximately
two weeks after the onset of fever [25,29–31]. Another critical issue regarding serology-
based diagnosis is the cross-reactivity among flaviviruses [32]. Flaviviruses share common
antigenic epitopes; therefore, antibodies against these common epitopes may cause false
positive results when using an IgM- or IgG-based assay [30,32–34]. This issue makes the
diagnosis of specific flavivirus infection more complex and less accurate, especially in
regions that are endemic for several flaviviruses. Thus, for early detection of acute DF,
the current immunological assays are not sensitive or specific enough [35–37]. Of note,
dengue antibodies might be falsely detected due to past infection, infection with other
flaviviruses, or past flavivirus vaccination [38], thus, making the diagnosis of secondary
DENV infection challenging. Secondary DENV infection is considered a risk factor for
severe dengue, emphasizing the clinical significance of diagnosis [39].

Molecular methods are based on DENV RNA detection by real-time RT-PCR. This
method allows the detection of the virus at an early stage of the infection [40]. The main
disadvantages of the molecular methods are their costs and availability, a serious consideration
in low-income countries where DENV is endemic. Additionally, the window for virus
detection using PCR is relatively narrow, and its highest sensitivity is achieved within the
beginning of the illness. RT-PCR sensitivity varies greatly between various studies [41,42].

NS1-based assays may overcome several of the previously mentioned problems. NS1
levels in serum are highly correlated with DENV viremia [43] and become detectable at the
beginning of the febrile illness, peaking 3 to 5 days following symptom onset. Furthermore,
NS1 can still be detected in some cases until day 12 post-symptom onset, when RT-PCR
can no longer detect viral RNA in most cases [38,44].
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The commercial kits for detecting NS1 proteins are primarily based on ELISA. How-
ever, rapid one-step assays based on in-vitro immunochromatography are also available.
Thus, NS1-based assays are readily available, simple to use as a rapid test, and cost-effective.

The assay’s sensitivity depends on the sampling time, the serotype of DENV, and
the detection kit. Studies have evaluated the sensitivity of these assays and found it
to be highest during the first days from fever onset (Table 1). A study conducted on
returning travelers showed a sensitivity of 87% during the first three days of symptoms,
that decreased to 69.4% when sampled during days 0–12 [38]. Other studies using a
different commercial kit showed sensitivities of up to 95% during the first days [41,45,46].
The sensitivity of the NS1 antigen-capture assay was significantly higher for DENV-1 than
for the three other serotypes [46,47].

Table 1. Comparison of sensitivity and specificity of NS1 DENV detection in serum samples, accor-
dance to timeline from symptoms-onset.

Source Method
% Sensitivity According to Days Post Symptoms Onset

Specificity
%

1 2 3 4 5 6 7 8 9 10 11 12 13

Blessmann
et al., 2020 [48]

RDT (SD Bioline
Dengue Duo) 78.3 60 42.9 28.6 ND ND ND ND ND >96

ELISA (Platelia,
Bio-Rad) 65.2 50 42.9 28.6 ND ND ND ND ND >96

Liu et al., 2020
[46]

RDT (Bio-Rad) 89.9 80.6 ND ND ND ND ND ND ND 94.6

RDT (SD Dengue Duo) 95.7 83.6 ND ND ND ND ND ND ND 91.9

RDT (CTK) 95.7 82.1 ND ND ND ND ND ND ND 73

Hunsperger
et al., 2016 [49]

ELISA (InBios) 93 93 85 83 84 60 57 47 86 67 ND ND ND ND

ELISA (Panbio) 86 93 78 71 71 52 50 33 57 33 ND ND ND ND

Andries et al.,
2016 [50] ELISA (NS1) 94.4 66.7 21.3 ND ND

Andries et al.,
2015 [51] ELISA (NS1) 83.3 91.6 79 55.9 29.1 ND

Fuchs et al.,
2014 [38]

ELISA (Panbio)

87.5 ND ND ND ND ND ND ND ND ND ND

88.8–100
73.9 ND ND ND ND ND ND ND ND

72.5 ND ND ND ND

69.4 ND

Saito et al., 2015
[52]

ELISA (Platelia,
Bio-Rad) >90 33 ND

Huhtamo et al.,
2010 [41]

ELISA (Platelia,
Bio-Rad) 78.6 74.1 84.2 70.6 ND ND ND 100

Ramirez et al.,
2009 [53]

ELISA (Panbio) 60.9 ND ND ND ND ND ND 94.4

ELISA (Platelia,
Bio-Rad) 71.3 ND ND ND ND ND ND 86.1

RDT (AG Strip
(BIO-RAD) 67.8 ND ND ND ND ND ND 94.4

Chuansumrit
et al., 2011 [9]

ELISA (Platelia,
Bio-Rad) ND ND 94.7 ND ND ND 100

RDT (Bio-Rad) ND ND 89.5 ND ND ND 100

Abbreviation: ND—Not done; RDT—Rapid diagnostic test; ELISA—Enzyme-linked immunosorbent assay.

The specificity of these assays was found to vary between 86% to 100% [9,38,41,53,54].
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Sensitivity is significantly enhanced by combining the NS1 antigen kit with an IgM-
based detection assay by approximately 28% [47,55]. The sensitivity of this combination is
somewhat lower than the combination of RT-PCR together with an IgM-detection-based
assay, and higher than the sensitivity of RT-PCR alone [47].

Several studies have found that during a secondary DENV infection, when IgG an-
tibodies against NS1 are already present in serum, there is a lower sensitivity of the
NS1-based assay [38,47,48]. Other studies have shown no significant difference in the
sensitivity for the NS1-based assay between the first and second infection [56–58]. One
study has shown a substantial decrease in the sensitivity (91.6% to 48.3%) of the NS1-based
assay due to the presence of IgM antibodies against NS1 in the serum [58]

Another method that can contribute to detecting DENV is the Dried Blood Spot (DBS),
a technique used when venous blood cannot be taken or where a laboratory does not exist.
It requires a small amount of blood that can be collected from finger prick samples. This
method involves minor discomfort, can be performed without medical assistance and does
not require low temperature storage as is the case with serum samples. Several studies have
shown the advantages of the DBS method [59–61] and its high sensitivity for NS1 detection,
98.7% during days 2–4 after the onset of the disease and 92.3% during days 5–7 [62].

The half-life of NS1 in plasma is about one hour [16]. The amount of free NS1 in the
serum correlates with the viremia and, thus, it is a potential marker of the clinical outcome
of DHF and DSS [47,63,64], suggesting that early quantitative detection of NS1 may provide
a significant benefit. It can enable adequate follow-up for patients at high risk of developing
DSS and DHF, whereas it can save unnecessary medications and hospitalization for patients
with low risk. However, other studies found no correlation between NS1 levels in serum
and disease severity [55,63].

In conclusion, NS1 is an important marker for detecting acute DENV infection. It offers
an excellent serologic alternative to dengue viral RNA detection by RT-PCR, which is very
sensitive and specific but expensive and not readily available in endemic regions (Figure 1).
NS1 detection is useful for early DF diagnosis and whether quantifying the level of NS1 may
identify patients at higher risk for severe dengue infection needs further studies.
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2.2. Dengue NS1 Detection in Other Body Fluids

DENV-RNA and NS1 were also detected in urine and saliva samples [10,51,65–67]
(Table 2). A study in Helsinki tested 14 Finnish travelers with DF, examining the presence of
DENV-RNA and NS1 in saliva, urine and serum concurrently, and found that DENV-RNA
in urine samples can be detectable at a later stage than serum samples [10] (Schemes I).
This phenomenon, corroborated in other studies, is fundamental because it extends the
time that DENV can be detectable using a molecular technique to the convalescent phase
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of infection. DENV-RNA levels in saliva were found to be similar to those in serum [10].
However, other studies found DENV-RNA levels in saliva were less sensitive, but taking
longer to be detected in comparison to the levels in serum [65]. These results highlight the
different kinetics of viral RNA in the urine and saliva.

NS1 levels in urine were found to correlate with reduced platelet counts and urine
total protein concentration. Both urine NS1 levels and total protein concentration were
found to correlate with serum DENV-RNA levels, suggesting that NS1 is the main DENV
component in urine during the peak of the viremia [10].

A study performed in Japan [52] on 96 Japanese travelers with DF examined the utility
of NS1 antigen detection in urine and serum samples. This study and others showed that,
in some cases, NS1 could be detected in urine samples even after it reaches undetectable
levels in serum. The NS1 detection rate in the serum showed a decrease after day 10, while
the NS1 detection rate in the urine was relatively low (approximately 30%) but consistent
until day 14. Similarly, detection based on the presence of urine DENV-RNA compared to
the serum showed similar detection rates as those of NS1, with better results in detecting
DENV-RNA in the urine than in the serum after day 11 [52,65].

A different study compared serum and urine samples obtained from 55 patients, of
whom 19 had DF and 36 developed DHF with evidence of plasma leakage [9]. While NS1
levels in serum did not correlate with disease severity, the detection rates of NS1 in urine
samples were higher in DHF patients, suggesting that the presence of NS1 in urine could be
due to plasma leakage or the production of viral antigens by infected kidney cells [51]. In
addition, the assays used in all the studies are designed and calibrated for serum; therefore,
their sensitivities for urine and saliva must be evaluated. As for NS1 detection by ELISA
in urine, most studies show high specificity but much lower sensitivity, around 100% and
20–68%, respectively [9,10,50–52]. Thus, more studies are needed to assess the performance
and application of DENV diagnosis in urine and saliva.

2.3. CSF NS1 for Diagnosis of Dengue-Associated Encephalitis

Unlike other arboviral infections, DENV does not usually cause neurological manifes-
tations [68]. The prevalence of CNS involvement in patients with dengue infection varies
with the severity of dengue disease. However, the presence of CNS involvement does not
affect the prognosis of dengue infection.

Although some studies suggest that DENV actively enters the CNS, this has not been
demonstrated. Thus, it is still possible that the virus passively crosses the blood–brain barrier [69].

The presence of NS1 in CSF has not been well studied. One study examined the
performance of IgM- and NS1-based assays (Pan-E Dengue Early ELISA) on CSF samples
from dengue-infected patients vs. non-dengue patients obtained during autopsies [12]. The
results showed that when used during viremia, the NS1-based assay can also detect NS1 in
CSF with a sensitivity of 50%, while the sensitivity of the same kit in serum ranges from
60.4% to 91.6% [70]. As in serum, the combination of NS1 and IgM-based assays in CSF
increases dengue diagnosis. However, similar to the observation in the serum, once IgM is
detected, the sensitivity of NS1 Ag detection decreases significantly [70].

Another study from Brazil examined CSF samples from 209 patients with suspected
viral meningitis or meningoencephalitis (26 of them died from suspected meningitis). All
the samples were analyzed using RT-PCR, ELISA for NS1 (Pan-E Dengue Early ELISA),
IgM, and a rapid immunochromatography test for IgG. Results demonstrate that out of
209 samples, 8 (3.8%) had shown positive results for DENV in at least one of the assays.
Those findings are similar to other studies from Jamaica [71] and Vietnam [72].

Although more research is needed, these studies [12,73] show that NS1 kits for detect-
ing NS1 antigen in serum can be used for CSF samples in dengue patients with neurological
manifestations. As mentioned, it is recommended to use the combination of IgM- and
NS1-based assays to increase the sensitivity of the diagnosis.
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Table 2. Comparison of sensitivity and specificity of NS1 detection in urine and saliva samples, accordance to timeline from symptoms-onset.

Source Method
% Sensitivity According to Days Post Symptoms Onset

Specificity %

1 2 3 4 5 6 7 8 9 10 11 12 13

Urine

Andries et al., 2016 [50]
ELISA 9.9 19.2 3.4 ND 100

RDT 11.1 21 2.3 ND ND

Andries et al., 2015 [51] ELISA 0 10.8 28.6 18.6 0 ND

Saito et al., 2015 [52]
ELISA 36 43 12 ND

real-time RT-PCR (for reference) 32 30 33 ND

Korhonen et al., 2014 [10] ELISA ND 59.1 50 100

Chuansumrit et al., 2011 [9]
ELISA ND ND 68.4 ND ND ND 100

RDT ND ND 52.6 ND ND ND 100

Saliva

Andries et al., 2016 [50]
ELISA (NS1-Saliva) 25.5 29.9 8.3 ND ND

RDT (NS1-Saliva) 14.9 25.7 10.2 ND ND

Andries et al., 2015 [51] ELISA (NS1-Saliva) 16.7 33.7 41 28.8 10.9 ND

Korhonen et al., 2014 [10] Antigen EIA (NS1-Saliva) ND 59.1 52.2 95

Abbreviation: ND—Not done; RDT—Rapid diagnostic test; ELISA—Enzyme-linked immunosorbent assay.
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2.4. Detection of Dengue NS1 Is Tissue Specimens

To detect DENV in tissues, most studies have used RT-PCR, in situ hybridization,
or immunostaining [74–77]. Another understudied alternative method for DENV tissue
detection is the identification of NS1. The main application of this method is to reveal
information about the cause of death that may lead to a better understanding of viral
tropism in the human body in fatal cases.

Evidence for the presence of DENV antigens has been previously demonstrated in liver
cells, brain inflammatory cells, spleen, lung, and pulmonary endothelium cells [59,60,62,74,77–81].

A study analyzed tissues from 13 children who died of DHF/DSS using immunohis-
tochemistry and found NS1 in at least one tissue in all 13 cases using frozen and paraffin-
embedded tissues [82]. The analyzed tissues were from organs, including the liver, spleen,
lymph nodes, heart, lungs, kidney, bone marrow, and brain. In the liver, NS1 was identified in
the cytoplasm of hepatocytes and Kupffer cells. Still, there was no evidence for NS1 in the
sinusoidal endothelial cells. In the spleen, NS1 was identified in several mononuclear cells
scattered within white and red pulps. In the lymph nodes, NS1 was found in the germinal
centers. No evidence for NS1, or other DENV proteins, was found in other tissue specimens
from the heart, lungs, kidneys, and bone marrow. However, other morphological changes
related to DENV infection have been observed in some of these tissues.

Another study that assessed the usefulness of NS1-based assays on tissue specimens
took 74 tissue samples from various organs from 23 fatal dengue cases [74]. For DENV
detection, three different kits were used—Early ELISA (Panbio), Platelia NS1 (Biorad), and
NS1 Ag Strip (Biorad). Per specimen, NS1 Ag Strip had the highest sensitivity of 78.3%; the
Platelia NS1 sensitivity was 45.9%, and the Early ELISA sensitivity was 22.9%. Per case, the
detection rates were 91.3%, 60.8%, and 34.7%, respectively. However, the overall sensitivity
of this new approach in confirming the fatal cases was 87.0%. The specificity was 100%
for all kits, and no cross-reactivity was observed with control tissues from fatal cases of
yellow fever. It is important to note that each of the tissues had been detected in at least one
case with one kit. For example, the NS1 Ag Strip, which had the best sensitivity, detected
NS1 in the following tissue specimens: liver (91.3%), lung (71.4%), kidney (100%), brain
(80%), spleen (66.6%) and thymus (100%). Similar results in liver and spleen tissue had
been shown in another recent study [75].

The identity of the cells and tissues which DENV infects and replicates in humans are
still incompletely understood. One possible explanation for the detection of NS1 in some
of the tissue specimens is its presence in the blood supporting these tissues and, indeed,
some of those organs that were well-diagnosed have high blood circulation. Yet, the liver
seems to be an adequate tissue for NS1 detection.

These results encourage further studies and evaluation of the use of DENV NS1 in
detection in tissues. Different postmortem preservation techniques and time of detection
after death should also be examined. These methods are rapid, require less laboratory
expertise and equipment, and cost less than the molecular and immunohistochemical
methods that are currently in use.

This method, which can be performed following a needle biopsy, can dramatically
improve the diagnosis and confirmation of postmortem fatal dengue cases in some parts of
the world.

3. NS1 in Zika Infection

The Zika virus outbreak spread in the last years to a total of 89 countries and ter-
ritories [83,84]. The Americas, and South Asia have significantly complicated flavivirus
diagnosis. Cross-reactivity between DENV and ZIKV antibodies resulted in low specificity
of ELISAs-based serology detecting flaviviral envelope-epitopes. More importantly, this
cross-reactivity also occurs in viral neutralization assays, considered the gold standard
for flavivirus diagnosis [85,86]. However, due to the substantial amino acid differences in
NS1 between ZIKV and DENV, several ELISA kits have been developed to detect ZIKV
NS1 antibodies [87–90] rather than envelope antibodies. In contrast to envelope-based
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assays, ZIKV NS1-based ELISA is highly specific and showed almost no cross-reactivity
was detected in patients with previous DENV, WNV, YF, and Japanese encephalitis viral
infections [89]. Interestingly, while IgG sensitivity was high, IgM sensitivity of the assay
was demonstrated to be dependent on flavivirus background, and samples obtained from
people living in areas with endemic ZIKV exhibited lower IgM sensitivity [89]. A study
examining the sensitivity and kinetics of ZIKV NS1-based ELISA among travelers with
ZIKV infection demonstrated higher IgM sensitivity of 79% in the first month and 68% up
to two months post-symptoms onset [88] suggesting that levels of IgM against the NS1
may be declining much faster than IgM antibodies against the envelope protein. Indeed,
while envelope IgM persisted for years after infection [91], NS1 IgM levels were shown to
have a 75% decline by 44 days after symptom onset [92]. This suggests that measuring IgM
against NS1 may be better suited for detecting the acute phase of the disease as it allows
distinguishing between recent and past infections. Moreover, the limited cross-reactivity
of NS1-based ELISA and its ability to serve as a first-line screening tool for travelers [93]
allows the exclusion of ZIKV infection in travelers returning from ZIKV-endemic countries
and, together with RT-PCR, minimizes the risk of false-negative results which is especially
important for those who are pregnant or wish for preconception screening.

As a result of the excellent performance of the ZIKV NS1-based ELISA, DENV NS1-
based ELISAs are currently being developed. They may provide better diagnostic capabili-
ties for DENV, especially in areas with co-circulation of both DENV and ZIKV.

It is important to note that while NS1-based ELISA are a standard diagnostic tool in
Europe and the Middle East, the Center for Disease Control and Prevention (CDC) uses
an FDA-approved envelope-based ELISA and does not recommend serology testing for
asymptomatic pregnant women or preconception screening [94].

4. The Role of NS1 for Other Flaviviruses Diagnosis

The development of assays for detecting DENV NS1 antigens in serum allowed easy
and affordable diagnosis of dengue patients at the acute phase, as discussed above [38].
However, NS1 antigen detection tests against other flaviviruses are not commercially
available. Two studies generated antibodies against WNV NS1 protein and investigated
the secretion of WNV NS1 during WNV infection in vivo and in vitro using an ELISA
assay [95,96]. NS1 was detectable up to day five in infected hamsters [95] and up to day
three post-infection in mice [96] suggesting that NS1 secretion during infection is low. Still,
the detection of WNV NS1 is comparable to the detection of WNV RNA by qRT-PCR.

5. The Role of Dengue NS1 Testing to Differentiate Dengue vs. COVID-19 Infection

The pandemic of SARS-CoV-2 rapidly spread around the globe, including areas en-
demic to dengue. DF and COVID-19 are difficult to distinguish as they share similar clinical
and laboratory features [97]. Interestingly, recent reports from several countries in Asia
showed cross-reactivity of either IgM and/or IgG antibodies between these two, despite
being unrelated viruses [98–101]. This effect might have an impact on the clinical outcome
if diagnosis is delayed. On the other hand, other evidence downsized the concern of
cross-reactivity [102]. Hence, further studies are warranted to explore the pathophysiology
of this cross-reactivity and to better elucidate the accuracy of the different commercial kits.
Given that a possible cross-reactivity between DENV and SARS-CoV-2 could lead to false-
positive results for both diseases and the consideration that DENV has been extensively
spread in recent decades, a serological test alone might be misleading. However, using
dengue NS1 antigen for diagnosis can prevent cross-reactive results and leads to a more
accurate diagnosis.

6. In Summary

NS1 is an essential flavivirus protein that has a central role in efficient viral RNA
replication. This protein accumulates intracellularly and is secreted from infected cells.
Soluble NS1 is present in blood serum and other body fluids and, therefore, can be used
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as an antigen-detection diagnosis. Since antibodies are produced against this protein they
can be used for serology diagnosis. There are advantages of using NS1-based diagnosis
(antigen and/or antibodies) in several aspects:

Epidemiologically, its highly specific properties differ in each flavivirus, and therefore
minimize cross-reactive results among the flaviviruses group. The amounts of NS1 antigen
are high during dengue infection, while during Zika infection, the amount of NS1 anti-
bodies are high. Better methods of detecting low concentration of NS1 may also allow its
use in the diagnosis of other flaviviruses as well. Currently a reliable serological diagnosis
to differentiate each virus within the family of flaviviruses is less than optimal and intro-
ducing NS1-based serology can give more precise diagnosis and better epidemiological
understating of the global distribution of each flavivirus.

From the clinical point of view, a correct identification of the virus might have great
significance. For example, Zika virus infection is highly important in a pregnant woman as
there is a need for further evaluation of in-utero infection.

Regarding DF, the amount of NS1 antigen is important as it correlates with the level of
viremia, which makes it a potential marker of severe disease.

Regarding a virology aspect, detection of the specific NS1 antibodies against each DENV
serotype can give an assessment of previous infection with DF and which serotype it was.

Regardless, NS1-based diagnosis does not replace other serology, especially when the
diagnosis is made long after the infection, nor the very sensitive but expensive PCR.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lindenbach, B.D.; Rice, C.M. Molecular Biology of Flavivirus. Adv. Virus Res. 2003, 59, 1317–1542. [CrossRef]
2. Blitvich, B.J.; Firth, A.E. A Review of Flaviviruses that Have No Known Arthropod Vector. Viruses 2017, 9, 154. [CrossRef]

[PubMed]
3. Akey, D.L.; Brown, W.C.; Dutta, S.; Konwerski, J.; Jose, J.; Jurkiw, T.J.; DelProposto, J.; Ogata, C.M.; Skiniotis, G.; Kuhn, R.J.; et al.

Flavivirus NS1 structures reveal surfaces for associations with membranes and the immune system. Science (80-.) 2014, 343, 881–885.
[CrossRef] [PubMed]

4. Winkler, G.; Maxwell, S.E.; Ruemmler, C.; Stollar, V. Newly synthesized dengue-2 virus nonstructural protein NS1 is a soluble
protein but becomes partially hydrophobic and membrane-associated after dimerization. Virology 1989, 171, 302–305. [CrossRef]

5. Akey, D.L.; Brown, W.C.; Jose, J.; Kuhn, R.J.; Smith, J.L. Structure-guided insights on the role of NS1 in flavivirus infection.
BioEssays 2015, 37, 489–494. [CrossRef]

6. Megret, O.; Mathieu, M.; Lepault, J.; Rey, L.I.X.A.; Deubel, V. Dengue Virus Type 1 Nonstructural Glycoprotein NS1 Is Secreted
from Mammalian Cells as a Soluble Hexamer in a Glycosylation-Dependent Fashion. J. Virol. 1999, 73, 6104–6110.

7. Avirutnan, P.; Zhang, L.; Punyadee, N.; Manuyakorn, A.; Puttikhunt, C.; Kasinrerk, W.; Malasit, P.; Atkinson, J.P.; Diamond, M.S.
Secreted NS1 of dengue virus attaches to the surface of cells via interactions with heparan sulfate and chondroitin sulfate E. PLoS
Pathog. 2007, 3, e183. [CrossRef]

8. Avirutnan, P.; Hauhart, R.E.; Somnuke, P.; Blom, A.M.; Diamond, M.S.; Atkinson, J.P. Binding of Flavivirus Nonstructural Protein
NS1 to C4b Binding Protein Modulates Complement Activation. J. Immunol. 2011, 187, 424–433. [CrossRef]

9. Chuansumrit, A.; Chaiyaratana, W.; Tangnararatchakit, K.; Yoksan, S.; Flamand, M.; Sakuntabhai, A. Dengue nonstructural
protein 1 antigen in the urine as a rapid and convenient diagnostic test during the febrile stage in patients with dengue infection.
Diagn. Microbiol. Infect. Dis. 2011, 71, 467–469. [CrossRef]

10. Korhonen, E.M.; Huhtamo, E.; Virtala, A.M.; Kantele, A.; Vapalahti, O. Approach to non-invasive sampling in dengue diagnostics:
Exploring virus and NS1 antigen detection in saliva and urine of travelers with dengue. J. Clin. Virol. 2014, 61, 353–358. [CrossRef]

11. Poloni, T.R.; Oliveira, A.S.; Alfonso, H.L.; Galvo, L.R.; Amarilla, A.A.; Poloni, D.F.; Figueiredo, L.T.; Aquino, V.H. Detection of
dengue virus in saliva and urine by real time RT-PCR. Virol. J. 2010, 7, 2–5. [CrossRef]

12. Araujo, F.M.; Brilhante, R.S.; Cavalcanti, L.P.; Rocha, M.F.; Cordeiro, R.A.; Perdigao, A.C.; Miralles, I.S.; Araujo, L.C.; Araujo, R.M.;
Lima, E.G.; et al. Detection of the dengue non-structural 1 antigen in cerebral spinal fluid samples using a commercially available
enzyme-linked immunosorbent assay. J. Virol. Methods 2011, 177, 128–131. [CrossRef]

13. Lindenbach, B.D.; Rice, C.M. trans-Complementation of Yellow Fever Virus NS1 Reveals a Role in Early RNA Replication. J. Virol.
1997, 71, 9608–9617. [CrossRef]

http://doi.org/10.1152/physrev.00004.2012
http://doi.org/10.3390/v9060154
http://www.ncbi.nlm.nih.gov/pubmed/28635667
http://doi.org/10.1126/science.1247749
http://www.ncbi.nlm.nih.gov/pubmed/24505133
http://doi.org/10.1016/0042-6822(89)90544-8
http://doi.org/10.1002/bies.201400182
http://doi.org/10.1371/journal.ppat.0030183
http://doi.org/10.4049/jimmunol.1100750
http://doi.org/10.1016/j.diagmicrobio.2011.08.020
http://doi.org/10.1016/j.jcv.2014.08.021
http://doi.org/10.1186/1743-422X-7-22
http://doi.org/10.1016/j.jviromet.2011.07.003
http://doi.org/10.1128/jvi.71.12.9608-9617.1997


Viruses 2023, 15, 572 10 of 13

14. Puerta-guardo, H.; Glasner, D.R.; Espinosa, D.A.; Wang, C.; Beatty, P.R.; Harris, E.; Puerta-guardo, H.; Glasner, D.R.; Espinosa, D.A.;
Biering, S.B.; et al. Flavivirus NS1 Triggers Tissue-Specific Vascular Endothelial Dysfunction Reflecting Disease Tropism Article
Flavivirus NS1 Triggers Tissue-Specific Vascular Endothelial Dysfunction Reflecting Disease Tropism. Cell Rep. 2019, 26, 1598–1613.
[CrossRef]

15. Falconar, A.K.I. The dengue virus nonstructural-1 protein (NS1) generates antibodies to common epitopes on human blood clot-
ting, integrin/adhesin proteins and binds to human endothelial cells: Potential implications in haemorrhagic fever pathogenesis.
Arch. Virol. 1997, 142, 897–916. [CrossRef]

16. Avirutnan, P.; Punyadee, N.; Noisakran, S.; Komoltri, C.; Thiemmeca, S.; Auethavornanan, K.; Jairungsri, A.; Kanlaya, R.;
Tangthawornchaikul, N.; Puttikhunt, C.; et al. Vascular leakage in severe dengue virus infections: A potential role for the
nonstructural viral protein NS1 and complement. J. Infect. Dis. 2006, 193, 1078–1088. [CrossRef]

17. Messina, J.P.; Brady, O.J.; Golding, N.; Kraemer, M.U.G.; Wint, G.R.W.; Ray, S.E.; Pigott, D.M.; Shearer, F.M.; Johnson, K.; Earl, L.;
et al. The current and future global distribution and population at risk of dengue. Nat. Microbiol. 2019, 4, 1508–1515. [CrossRef]

18. Stanaway, J.D.; Shepard, D.S.; Undurraga, E.A.; Halasa, Y.A.; Coffeng, L.E.; Brady, O.J.; Hay, S.I.; Bedi, N.; Bensenor, I.M.;
Castañeda-Orjuela, C.A.; et al. The global burden of dengue: An analysis from the Global Burden of Disease Study 2013. Lancet
Infect. Dis. 2016, 16, 712–723. [CrossRef]

19. Bhatt, S.; Gething, P.W.; Brady, O.J.; Messina, J.P.; Farlow, A.W.; Moyes, C.L.; Drake, J.M.; Brownstein, J.S.; Hoen, A.G.; Sankoh, O.;
et al. The global distribution and burden of dengue. Nature 2013, 496, 504–507. [CrossRef]

20. World Health Organization (WHO). Dengue and Severe Dengue. Available online: https://www.who.int/news-room/fact-
sheets/detail/dengue-and-severe-dengue#:~:text=Global%20burden&text=One%20modelling%20estimate%20indicates%2039
0,with%20any%20severity%20of%20disease (accessed on 10 January 2022).

21. Brady, O.J.; Gething, P.W.; Bhatt, S.; Messina, J.P.; Brownstein, J.S.; Hoen, A.G.; Moyes, C.L.; Farlow, A.W.; Scott, T.W.; Hay, S.I.
Refining the Global Spatial Limits of Dengue Virus Transmission by Evidence-Based Consensus. PLoS Negl. Trop. Dis. 2012, 6, e1760.
[CrossRef]

22. Mathew, A.; Rothman, A.L. Understanding the contribution of cellular immunity to dengue disease pathogenesis. Immunol. Rev.
2008, 225, 300–313. [CrossRef] [PubMed]

23. Anantapreecha, S.; Chanama, S.; A-Nuegoonpipat, A.; Naemkhunthot, S.; Sa-Ngasang, A.; Sawanpanyalert, P.; Kurane, I.
Serological and virological features of dengue fever and dengue haemorrhagic fever in Thailand from 1999 to 2002. Epidemiol.
Infect. 2005, 133, 503–507. [CrossRef] [PubMed]

24. Gibbons, R.V.; Kalanarooj, S.; Jarman, R.G.; Nisalak, A.; Vaughn, D.W.; Endy, T.P.; Mammen, M.P., Jr.; Srikiatkhachorn, A. Analysis
of repeat hospital admissions for dengue to estimate the frequency of third or fourth dengue infections resulting in admissions
and dengue hemorrhagic fever, and serotype sequences. Am. J. Trop. Med. Hyg. 2007, 77, 910–913. [CrossRef] [PubMed]

25. Meltzer, E.; Schwartz, E. A travel medicine view of dengue and dengue hemorrhagic fever. Travel Med. Infect. Dis. 2009, 7, 278–283.
[CrossRef]

26. Thein, S.O.E.; Aung, M.Y.O.M.I.N.; Shwe, T.N.U.; Aye, M.Y.O.; Zaw, A.; Aye, K.; Aye, K.M.A.R.; Aaskov, A. Risk factors in dengue
shock syndrome. Am. J. Trop. Med. Hyg. 1997, 56, 566–572. [CrossRef]

27. World Health Organization Dengue: Guidelines for diagnosis, treatment, prevention, and control. Spec. Program. Res. Train. Trop.
Dis. 2009, 1, 91–104. [CrossRef]

28. Simmons, C.P.; Farrar, J.J.; van Nguyen, V.C.; Wills, B. Dengue. N. Engl. J. Med. 2012, 366, 1423–1432. [CrossRef]
29. Kao, C.L.; King, C.C.; Chao, D.Y.; Wu, H.L.; Chang, G.J. Laboratory diagnosis of dengue virus infection: Current and future

perspectives in clinical diagnosis and public health. J. Microbiol. Immunol. Infect. 2005, 38, 5–16.
30. Schwartz, E.; Mileguir, F.; Grossman, Z.; Mendelson, E. Evaluation of ELISA-based sero-diagnosis of dengue fever in travelers. J.

Clin. Virol. 2000, 19, 169–173. [CrossRef]
31. Guzman, M.G.; Halstead, S.B.; Artsob, H.; Buchy, P.; Farrar, J.; Gubler, D.J.; Hunsperger, E.; Kroeger, A.; Margolis, H.S.; Martinez,

E.; et al. Dengue: A continuing global threat. Nat. Rev. Microbiol. 2010, 8, S7–S16. [CrossRef]
32. Kuno, G. Serodiagnosis of flaviviral infections and vaccinations in humans. Adv. Virus. Res. 2003, 61, 3–65.
33. Cardosa, M.J.; Wang, S.M.; Sum, M.S.; Tio, P.H. Antibodies against prM protein distinguish between previous infection with

dengue and Japanese encephalitis viruses. BMC Microbiol. 2002, 2, 9. [CrossRef]
34. Oceguera, L.F., 3rd; Patiris, P.J.; Chiles, R.E.; Busch, M.P.; Tobler, L.H.; Hanson, C.V. Flavivirus serology by Western blot analysis.

Am. J. Trop. Med. Hyg. 2007, 77, 159–163. [CrossRef]
35. Tezcan, S.; Kizildamar, S.; Ulger, M.; Aslan, G.; Tiftik, N.; Ozkul, A.; Emekdas, G.; Niedrig, M.; Ergunay, K. Flavivirus

seroepidemiology in blood donors in Mersin province, Turkey. Mikrobiyoloji Bul. 2014, 48, 606–617. [CrossRef]
36. Kim, J.H.; Chong, C.K.; Sinniah, M.; Sinnadurai, J.; Song, H.O.; Park, H. Clinical diagnosis of early dengue infection by novel

one-step multiplex real-time RT-PCR targeting NS1 gene. J. Clin. Virol. 2015, 65, 11–19. [CrossRef]
37. Rathore, A.P.S.; John, A.L.S. Cross-Reactive Immunity Among Flaviviruses. Front. Immunol. 2020, 11, 1–9. [CrossRef]
38. Fuchs, I.; Bin, H.; Schlezinger, S.; Schwartz, E. NS1 antigen testing for the diagnosis of dengue in returned Israeli travelers. J. Med.

Virol. 2014, 86, 2005–2010. [CrossRef]
39. Tesh, R.B.; Travassos da Rosa, A.P.; Guzman, H.; Araujo, T.P.; Xiao, S.Y. Immunization with heterologous flaviviruses protective

against fatal West Nile encephalitis. Emerg. Infect. Dis. 2002, 8, 245–251. [CrossRef]

http://doi.org/10.1016/j.celrep.2019.01.036
http://doi.org/10.1007/s007050050127
http://doi.org/10.1086/500949
http://doi.org/10.1038/s41564-019-0476-8
http://doi.org/10.1016/S1473-3099(16)00026-8
http://doi.org/10.1038/nature12060
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue#:~:text=Global%20burden&text=One%20modelling%20estimate%20indicates%20390,with%20any%20severity%20of%20disease
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue#:~:text=Global%20burden&text=One%20modelling%20estimate%20indicates%20390,with%20any%20severity%20of%20disease
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue#:~:text=Global%20burden&text=One%20modelling%20estimate%20indicates%20390,with%20any%20severity%20of%20disease
http://doi.org/10.1371/journal.pntd.0001760
http://doi.org/10.1111/j.1600-065X.2008.00678.x
http://www.ncbi.nlm.nih.gov/pubmed/18837790
http://doi.org/10.1017/S0950268804003541
http://www.ncbi.nlm.nih.gov/pubmed/15962557
http://doi.org/10.4269/ajtmh.2007.77.910
http://www.ncbi.nlm.nih.gov/pubmed/17984352
http://doi.org/10.1016/j.tmaid.2009.05.002
http://doi.org/10.4269/ajtmh.1997.56.566
http://doi.org/10.13140/RG.2.2.19008.76807
http://doi.org/10.1056/NEJMra1110265
http://doi.org/10.1016/S1386-6532(00)00114-1
http://doi.org/10.1038/nrmicro2460
http://doi.org/10.1186/1471-2180-2-9
http://doi.org/10.4269/ajtmh.2007.77.159
http://doi.org/10.5578/mb.8301
http://doi.org/10.1016/j.jcv.2015.01.018
http://doi.org/10.3389/fimmu.2020.00334
http://doi.org/10.1002/jmv.23879
http://doi.org/10.3201/eid0803.010238


Viruses 2023, 15, 572 11 of 13

40. Lemmer, K.; Donoso, O.; Bae, H.; Groen, J.; Drosten, C.; Niedrig, M. External quality control assessment in PCR diagnostics of
dengue virus infections. J. Clin. Virol. 2004, 30, 291–296. [CrossRef]

41. Huhtamo, E.; Hasu, E.; Uzcategui, N.Y.; Erra, E.; Nikkari, S.; Kantele, A.; Vapalahti, O.; Piiparinen, H. Early diagnosis of dengue in
travelers: Comparison of a novel real-time RT-PCR, NS1 antigen detection and serology. J. Clin. Virol. 2010, 47, 49–53. [CrossRef]

42. Ahamed, S.F.; Vivek, R.; Kotabagi, S.; Nayak, K.; Chandele, A.; Kaja, M.K.; Shet, A. Enhancing the sensitivity of Dengue virus
serotype detection by RT-PCR among infected children in India. J. Virol. Methods 2017, 244, 46–54. [CrossRef] [PubMed]

43. Libraty, D.H.; Young, P.R.; Pickering, D.; Endy, T.P.; Kalayanarooj, S.; Green, S.; Vaughn, D.W.; Nisalak, A.; Ennis, F.A.; Rothman,
A.L. High circulating levels of the dengue virus nonstructural protein NS1 early in dengue illness correlate with the development
of dengue hemorrhagic fever. J. Infect. Dis. 2002, 186, 1165–1168. [CrossRef] [PubMed]

44. Allonso, D.; Meneses, M.D.; Fernandes, C.A.; Ferreira, D.F.; Mohana-Borges, R. Assessing positivity and circulating levels of NS1
in samples from a 2012 dengue outbreak in Rio de Janeiro, Brazil. PLoS ONE 2014, 9, e113634. [CrossRef] [PubMed]

45. McBride, W.J.H. Evaluation of dengue NS1 test kits for the diagnosis of dengue fever. Diagn. Microbiol. Infect. Dis. 2009, 64, 31–36.
[CrossRef]

46. Liu, L.T.; Chen, C.H.; Tsai, C.Y.; Lin, P.C.; Hsu, M.C.; Huang, B.Y.; Wang, Y.H.; Tsai, J.J. Evaluation of rapid diagnostic tests to
detect dengue virus infections in Taiwan. PLoS ONE 2020, 15, e0239710. [CrossRef]

47. Duong, V.; Ly, S.; Lorn Try, P.; Tuiskunen, A.; Ong, S.; Chroeung, N.; Lundkvist, A.; Leparc-Goffart, I.; Deubel, V.; Vong, S.; et al.
Clinical and virological factors influencing the performance of a NS1 antigen-capture assay and potential use as a marker of
dengue disease severity. PLoS Negl. Trop. Dis. 2011, 5, e1244. [CrossRef]

48. Blessmann, J.; Winkelmann, Y.; Keoviengkhone, L.; Sopraseuth, V.; Kann, S.; Hansen, J.; Halas, H.E.; Emmerich, P.; Schmidt-Chanasit,
J.; Schmitz, H.; et al. Assessment of diagnostic and analytic performance of the SD Bioline Dengue Duo test for dengue virus (DENV)
infections in an endemic area (Savannakhet province, Lao People’s Democratic Republic). PLoS ONE 2020, 15, e0230337. [CrossRef]

49. Hunsperger, E.A.; Muñoz-Jordán, J.; Beltran, M.; Colón, C.; Carrión, J.; Vazquez, J.; Acosta, L.N.; Medina-Izquierdo, J.F.; Horiuchi,
K.; Biggerstaff, B.J.; et al. Performance of Dengue Diagnostic Tests in a Single-Specimen Diagnostic Algorithm. J. Infect. Dis. 2016,
214, 836–844. [CrossRef]

50. Andries, A.C.; Duong, V.; Ong, S.; Ros, S.; Sakuntabhai, A.; Horwood, P.; Dussart, P.; Buchy, P. Evaluation of the performances of
six commercial kits designed for dengue NS1 and anti-dengue IgM, IgG and IgA detection in urine and saliva clinical specimens.
BMC Infect. Dis. 2016, 16, 201. [CrossRef]

51. Andries, A.C.; Duong, V.; Ly, S.; Cappelle, J.; Kim, K.S.; Lorn Try, P.; Ros, S.; Ong, S.; Huy, R.; Horwood, P.; et al. Value of Routine
Dengue Diagnostic Tests in Urine and Saliva Specimens. PLoS Negl. Trop. Dis. 2015, 9, e0004100. [CrossRef]

52. Saito, Y.; Moi, M.L.; Kotaki, A.; Ikeda, M.; Tajima, S.; Shiba, H.; Hosono, K.; Saijo, M.; Kurane, I.; Takasaki, T. Detection of Dengue
Virus Nonstructural Protein 1 (NS1) in Urine Samples using ELISA as a Laboratory Diagnostic Method for Dengue Virus Infection.
Jpn. J. Infect. Dis. 2015, 68, 455–460. [CrossRef]

53. Ramirez, A.H.; Moros, Z.; Comach, G.; Zambrano, J.; Bravo, L.; Pinto, B.; Vielma, S.; Cardier, J.; Liprandi, F. Evaluation of dengue
NS1 antigen detection tests with acute sera from patients infected with dengue virus in Venezuela. Diagn. Microbiol. Infect. Dis.
2009, 65, 247–253. [CrossRef]

54. Blacksell, S.D.; Jarman, R.G.; Bailey, M.S.; Tanganuchitcharnchai, A.; Jenjaroen, K.; Gibbons, R.V.; Paris, D.H.; Premaratna, R.; De
Silva, H.J.; Lalloo, D.G.; et al. Evaluation of six commercial point-of-care tests for diagnosis of acute dengue infections: The need
for combining NS1 antigen and IgM/IgG antibody detection to achieve acceptable levels of accuracy. Clin. Vaccine Immunol. 2011,
18, 2095–2101. [CrossRef]

55. Guzman, M.G.; Jaenisch, T.; Gaczkowski, R.; Ty Hang, V.T.; Sekaran, S.D.; Kroeger, A.; Vazquez, S.; Ruiz, D.; Martinez, E.;
Mercado, J.C.; et al. Multi-country evaluation of the sensitivity and specificity of two commercially-available NS1 ELISA assays
for dengue diagnosis. PLoS Negl. Trop. Dis. 2010, 4, e811. [CrossRef]

56. Alcon, S.; Talarmin, A.; Debruyne, M.; Falconar, A.; Deubel, V.; Flamand, M. Enzyme-linked immunosorbent assay specific to
Dengue virus type 1 nonstructural protein NS1 reveals circulation of the antigen in the blood during the acute phase of disease in
patients experiencing primary or secondary infections. J. Clin. Microbiol. 2002, 40, 376–381. [CrossRef]

57. Moi, M.L.; Omatsu, T.; Tajima, S.; Lim, C.K.; Kotaki, A.; Ikeda, M.; Harada, F.; Ito, M.; Saijo, M.; Kurane, I.; et al. Detection of
dengue virus nonstructural protein 1 (NS1) by using ELISA as a useful laboratory diagnostic method for dengue virus infection
of international travelers. J. Travel Med. 2013, 20, 185–193. [CrossRef]

58. Sekaran, S.D.; Lan, E.C.; Mahesawarappa, K.B.; Appanna, R.; Subramaniam, G. Evaluation of a Dengue NS1 capture ELISA assay
for the rapid detection of Dengue. J. Infect. Dev. Ctries. 2007, 1, 182–188.

59. Matheus, S.; Meynard, J.B.; Lavergne, A.; Girod, R.; Moua, D.; Labeau, B.; Dussart, P.; Lacoste, V.; Deparis, X. Dengue-3 outbreak
in Paraguay: Investigations using capillary blood samples on filter paper. Am. J. Trop. Med. Hyg. 2008, 79, 685–687. [CrossRef]

60. Aubry, M.; Roche, C.; Dupont-Rouzeyrol, M.; Aaskov, J.; Viallon, J.; Marfel, M.; Lalita, P.; Elbourne-Duituturaga, S.; Chanteau,
S.; Musso, D.; et al. Use of serum and blood samples on filter paper to improve the surveillance of Dengue in Pacific Island
Countries. J. Clin. Virol. 2012, 55, 23–29. [CrossRef]

61. Chakravarti, A.; Siddiqui, O.; Malik, S.; Uppal, B. Use of dried blood blotted on filter paper to detect dengue IgM antibody and
dengue NS1 antigen. Southeast Asian J. Trop. Med. Public Health 2013, 44, 226–231.

http://doi.org/10.1016/j.jcv.2003.11.002
http://doi.org/10.1016/j.jcv.2009.11.001
http://doi.org/10.1016/j.jviromet.2017.02.014
http://www.ncbi.nlm.nih.gov/pubmed/28254680
http://doi.org/10.1086/343813
http://www.ncbi.nlm.nih.gov/pubmed/12355369
http://doi.org/10.1371/journal.pone.0113634
http://www.ncbi.nlm.nih.gov/pubmed/25412084
http://doi.org/10.1016/j.diagmicrobio.2009.01.002
http://doi.org/10.1371/journal.pone.0239710
http://doi.org/10.1371/journal.pntd.0001244
http://doi.org/10.1371/journal.pone.0230337
http://doi.org/10.1093/infdis/jiw103
http://doi.org/10.1186/s12879-016-1551-x
http://doi.org/10.1371/journal.pntd.0004100
http://doi.org/10.7883/yoken.JJID.2014.441
http://doi.org/10.1016/j.diagmicrobio.2009.07.022
http://doi.org/10.1128/CVI.05285-11
http://doi.org/10.1371/journal.pntd.0000811
http://doi.org/10.1128/JCM.40.02.376-381.2002
http://doi.org/10.1111/jtm.12018
http://doi.org/10.4269/ajtmh.2008.79.685
http://doi.org/10.1016/j.jcv.2012.05.010


Viruses 2023, 15, 572 12 of 13

62. Matheus, S.; Pham, T.B.; Labeau, B.; Huong, V.T.; Lacoste, V.; Deparis, X.; Marechal, V. Kinetics of dengue non-structural protein 1
antigen and IgM and IgA antibodies in capillary blood samples from confirmed dengue patients. Am. J. Trop. Med. Hyg. 2014,
90, 438–443. [CrossRef] [PubMed]

63. Chau, T.N.; Anders, K.L.; Lien, L.B.; Hung, N.T.; Hieu, L.T.; Tuan, N.M.; Thuy, T.T.; Phuong, L.T.; Tham, N.T.; Lanh, M.N.; et al.
Clinical and virological features of Dengue in Vietnamese infants. PLoS Negl. Trop. Dis. 2010, 4, e657. [CrossRef]

64. Ghetia, C.; Bhatt, P.; Mukhopadhyay, C. Association of dengue virus non-structural-1 protein with disease severity: A brief review.
Trans. R. Soc. Trop. Med. Hyg. 2022, 116, 986–995. [CrossRef] [PubMed]

65. Humaidi, M.; Tien, W.P.; Yap, G.; Chua, C.R.; Ng, L.C. Non-invasive dengue diagnostics—The use of saliva and urine for different
stages of the illness. Diagnostics 2021, 11, 1345. [CrossRef]

66. Mendonça, P.D.; Santos, L.K.B.; Foguel, M.V.; Rodrigues, M.A.B.; Cordeiro, M.T.; Gonçalves, L.M.; Marques, E.T.A.; Dutra, R.F.
NS1 glycoprotein detection in serum and urine as an electrochemical screening immunosensor for dengue and Zika virus. Anal.
Bioanal. Chem. 2021, 413, 4873–4885. [CrossRef] [PubMed]

67. Munasinghe, E.; Athapaththu, M.; Abeyewickreme, W. Immuno-dominant dengue NS1 peptides as antigens for production of
monoclonal antibodies. Front. Mol. Biosci. 2022, 9, 1–11. [CrossRef]

68. Khanna, A.; Atam, V.; Gupta, A. A case of dengue encephalitis with intracerebral hemorrhage. J. Glob. Infect. Dis. 2011, 3, 206–207.
[CrossRef]

69. Domingues, R.B.; Kuster, G.W.; Onuki-Castro, F.L.; Souza, V.A.; Levi, J.E.; Pannuti, C.S. Involvement of the central nervous system
in patients with dengue virus infection. J. Neurol. Sci. 2008, 267, 36–40. [CrossRef]

70. Dussart, P.; Petit, L.; Labeau, B.; Bremand, L.; Leduc, A.; Moua, D.; Matheus, S.; Baril, L. Evaluation of two new commercial tests
for the diagnosis of acute dengue virus infection using NS1 antigen detection in human serum. PLoS Negl. Trop. Dis. 2008, 2, e280.
[CrossRef]

71. Jackson, S.T.; Mullings, A.; Bennett, F.; Khan, C.; Gordon-Strachan, G.; Rhoden, T. Dengue infection in patients presenting with
neurological manifestations in a dengue endemic population. West Indian Med. J. 2008, 57, 373–376.

72. Solomon, T.; Dung, N.M.; Vaughn, D.W.; Kneen, R.; Thao, L.T.; Raengsakulrach, B.; Loan, H.T.; Day, N.P.; Farrar, J.; Myint, K.S.;
et al. Neurological manifestations of dengue infection. Lancet 2000, 355, 1053–1059. [CrossRef]

73. Araujo, F.; Nogueira, R.; Araujo Mde, S.; Perdigao, A.; Cavalcanti, L.; Brilhante, R.; Rocha, M.; Vilar, D.F.; Holanda, S.S.; Braga
Dde, M.; et al. Dengue in patients with central nervous system manifestations, Brazil. Emerg. Infect. Dis. 2012, 18, 677–679.
[CrossRef]

74. Lima Mda, R.; Nogueira, R.M.; Schatzmayr, H.G.; de Filippis, A.M.; Limonta, D.; dos Santos, F.B. A new approach to dengue fatal
cases diagnosis: NS1 antigen capture in tissues. PLoS Negl. Trop. Dis. 2011, 5, e1147. [CrossRef]

75. Takami, C.; Roxane, K.; Fontes, M.; Silvia, P.; Iglézias, D.A.; Cirqueira, C.; Sansone, M.; Moutinho, J.; Dayane, P.; Teixeira, L.; et al.
Anti-DENV-NS1 monoclonal antibody for the differential histopathological diagnosis of hemorrhagic fever caused by dengue.
Braz. J. Microbiol. 2022, 53, 777–783. [CrossRef]

76. Póvoa, T.F.; Alves, A.M.B.; Oliveira, C.A.B.; Nuovo, G.J.; Chagas, V.L.A.; Paes, M.V. The Pathology of Severe Dengue in Multiple
Organs of Human Fatal Cases: Histopathology, Ultrastructure and Virus Replication. PLoS ONE 2014, 9, e83386. [CrossRef]

77. Jessie, K.; Fong, M.Y.; Devi, S.; Lam, S.K.; Wong, K.T. Localization of dengue virus in naturally infected human tissues, by
immunohistochemistry and in situ hybridization. J. Infect. Dis. 2004, 189, 1411–1418. [CrossRef]

78. Miagostovich, M.P.; Ramos, R.G.; Nicol, A.F.; Nogueira, R.M.; Cuzzi-Maya, T.; Oliveira, A.V.; Marchevsky, R.S.; Mesquita, R.P.;
Schatzmayr, H.G. Retrospective study on dengue fatal cases. Clin. Neuropathol. 1997, 16, 204–208.

79. Couvelard, A.; Marianneau, P.; Bedel, C.; Drouet, M.T.; Vachon, F.; Henin, D.; Deubel, V. Report of a fatal case of dengue infection
with hepatitis: Demonstration of dengue antigens in hepatocytes and liver apoptosis. Hum. Pathol. 1999, 30, 1106–1110. [CrossRef]

80. Huerre, M.R.; Lan, N.T.; Marianneau, P.; Hue, N.B.; Khun, H.; Hung, N.T.; Khen, N.T.; Drouet, M.T.; Huong, V.T.; Ha, D.Q.; et al.
Liver histopathology and biological correlates in five cases of fatal dengue fever in Vietnamese children. Virchows Arch. 2001,
438, 107–115. [CrossRef]

81. Limonta, D.; Capo, V.; Torres, G.; Perez, A.B.; Guzman, M.G. Apoptosis in tissues from fatal dengue shock syndrome. J. Clin.
Virol. 2007, 40, 50–54. [CrossRef]

82. Aye, K.S.; Charngkaew, K.; Win, N.; Wai, K.Z.; Moe, K.; Punyadee, N.; Thiemmeca, S.; Suttitheptumrong, A.; Sukpanichnant,
S.; Prida, M.; et al. Pathologic highlights of dengue hemorrhagic fever in 13 autopsy cases from Myanmar. Hum. Pathol. 2014,
45, 1221–1233. [CrossRef] [PubMed]

83. World Health Organization (WHO). Zika Epidemiology Update-February 2022. Available online: https://www.who.int/
publications/m/item/zika-epidemiology-update---february-2022 (accessed on 8 February 2022).

84. World Health Organization (WHO). Countries and Territories with Current or Previous Zika Virus Transmission. Updated Febru-
ary 2023. Available online: https://www.who.int/publications/m/item/countries-and-territories-with-current-or-previous-
zika-virus-transmission (accessed on 10 January 2023).

85. Wilson, H.L.; Tran, T.; Druce, J.; Dupont-Rouzeyrol, M.; Catton, M. Neutralization Assay for Zika and Dengue Viruses by Use of
Real-Time-PCR-Based Endpoint Assessment. J. Clin. Microbiol. 2017, 55, 3104. [CrossRef] [PubMed]

86. Lanciotti, R.S.; Kosoy, O.L.; Laven, J.J.; Velez, J.O.; Lambert, A.J.; Johnson, A.J.; Stanfield, S.M.; Duffy, M.R. Genetic and serologic
properties of Zika virus associated with an epidemic, Yap State, Micronesia, 2007. Emerg. Infect. Dis. 2008, 14, 1232–1239.
[CrossRef] [PubMed]

http://doi.org/10.4269/ajtmh.13-0458
http://www.ncbi.nlm.nih.gov/pubmed/24470561
http://doi.org/10.1371/journal.pntd.0000657
http://doi.org/10.1093/trstmh/trac087
http://www.ncbi.nlm.nih.gov/pubmed/36125197
http://doi.org/10.3390/diagnostics11081345
http://doi.org/10.1007/s00216-021-03449-7
http://www.ncbi.nlm.nih.gov/pubmed/34152457
http://doi.org/10.3389/fmolb.2022.935456
http://doi.org/10.4103/0974-777X.81707
http://doi.org/10.1016/j.jns.2007.09.040
http://doi.org/10.1371/journal.pntd.0000280
http://doi.org/10.1016/S0140-6736(00)02036-5
http://doi.org/10.3201/eid1804.111522
http://doi.org/10.1371/journal.pntd.0001147
http://doi.org/10.1007/s42770-022-00697-2
http://doi.org/10.1371/journal.pone.0083386
http://doi.org/10.1086/383043
http://doi.org/10.1016/S0046-8177(99)90230-7
http://doi.org/10.1007/s004280000329
http://doi.org/10.1016/j.jcv.2007.04.024
http://doi.org/10.1016/j.humpath.2014.01.022
http://www.ncbi.nlm.nih.gov/pubmed/24767772
https://www.who.int/publications/m/item/zika-epidemiology-update---february-2022
https://www.who.int/publications/m/item/zika-epidemiology-update---february-2022
https://www.who.int/publications/m/item/countries-and-territories-with-current-or-previous-zika-virus-transmission
https://www.who.int/publications/m/item/countries-and-territories-with-current-or-previous-zika-virus-transmission
http://doi.org/10.1128/JCM.00673-17
http://www.ncbi.nlm.nih.gov/pubmed/28794181
http://doi.org/10.3201/eid1408.080287
http://www.ncbi.nlm.nih.gov/pubmed/18680646


Viruses 2023, 15, 572 13 of 13

87. Kadkhoda, K.; Gretchen, A.; Racano, A. Evaluation of a commercially available Zika virus IgM ELISA: Specificity in focus. Diagn.
Microbiol. Infect. Dis. 2017, 88, 233–235. [CrossRef] [PubMed]

88. Lustig, Y.; Zelena, H.; Venturi, G.; Van Esbroeck, M.; Rothe, C.; Perret, C.; Koren, R.; Katz-Likvornik, S.; Mendelson, E.; Schwartz,
E. Sensitivity and kinetics of an NS1-based Zika virus enzyme-linked immunosorbent assay in Zika virus-infected travelers from
Israel, the Czech Republic, Italy, Belgium, Germany, and Chile. J. Clin. Microbiol. 2017, 55, 1894–1901. [CrossRef]

89. Steinhagen, K.; Probst, C.; Radzimski, C.; Schmidt-Chanasit, J.; Emmerich, P.; Van Esbroeck, M.; Schinkel, J.; Grobusch, M.P.; Goorhuis,
A.; Warnecke, J.M.; et al. Serodiagnosis of Zika virus (ZIKV) infections by a novel NS1-based ELISA devoid of cross-reactivity with
dengue virus antibodies: A multicohort study of assay performance, 2015 to 2016. Eurosurveillance 2016, 21, 30426. [CrossRef]

90. Pasquier, C.; Joguet, G.; Mengelle, C.; Chapuy-Regaud, S.; Pavili, L.; Prisant, N.; Izopet, J.; Bujan, L.; Mansuy, J.M. Kinetics of
anti-ZIKV antibodies after Zika infection using two commercial enzyme-linked immunoassays. Diagn. Microbiol. Infect. Dis. 2018,
90, 26–30. [CrossRef]

91. Griffin, I.; Martin, S.W.; Fischer, M.; Chambers, T.V.; Kosoy, O.L.; Goldberg, C.; Falise, A.; Villamil, V.; Ponomareva, O.; Gillis, L.D.;
et al. Zika Virus IgM 25 Months after Symptom Onset. Emerg. Infect. Dis. 2019, 25, 2264–2265. [CrossRef]

92. Lustig, Y.; Zuckerman, N.; Koren, R.; Katz-Likvornik, S.; Yizchaki, M.; Mendelson, E.; Freedman, L.; Schwartz, E. Rapid Decline
of Zika Virus IgM Antibodies against the NS1 Protein in Imported Israeli Cases. Am. J. Trop. Med. Hyg. 2022, 106, 1121–1125.
[CrossRef]

93. Lustig, Y.; Koren, R.; Biber, A.; Zuckerman, N.; Mendelson, E.; Schwartz, E. Screening and exclusion of Zika virus infection in
travellers by an NS1-based ELISA and qRT-PCR. Clin. Microbiol. Infect. 2020, 26, 1687.e7–1687.e11. [CrossRef]

94. Centers for Disease Control and Prevention (CDC); National Center for Emerging and Zoonotic Infectious Diseases (NCEZID).
Division of Vector-Borne Diseases (DVBD) Testing Guidance-Zika and Dengue Testing Guidance (Updated November 2019).
Available online: https://www.cdc.gov/zika/hc-providers/testing-guidance.html (accessed on 29 September 2022).

95. Macdonald, J.; Tonry, J.; Hall, R.A.; Williams, B.; Palacios, G.; Ashok, M.S.; Jabado, O.; Clark, D.; Tesh, R.B.; Briese, T.; et al. NS1
Protein Secretion during the Acute Phase of West Nile Virus Infection. J. Virol. 2005, 79, 13924–13933. [CrossRef]

96. Kyung, M.C.; Diamond, M.S. Defining the levels of secreted non-structural protein NS1 after West Nile virus infection in cell
culture and mice. J. Med. Virol. 2008, 80, 547–556. [CrossRef]

97. Patil, S.V.; Bhadake, M.; Acharya, A. ‘Dengue-COVID-19 overlap’: Is it an ‘antigenic mimicry’ or coexistent two different viral
genotypic diseases? Prospective, observational study in tertiary care setting in India. Electron. J. Gen. Med. 2022, 19, em400.
[CrossRef]

98. Lustig, Y.; Keler, S.; Kolodny, R.; Ben-Tal, N.; Atias-Varon, D.; Shlush, E.; Gerlic, M.; Munitz, A.; Doolman, R.; Asraf, K.; et al.
Potential Antigenic Cross-reactivity Between Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) and Dengue
Viruses. Clin. Infect. Dis. 2021, 73, e2444–e2449. [CrossRef]

99. Yan, G.; Lee, C.K.; Lam, L.T.M.; Yan, B.; Chua, Y.X.; Lim, A.Y.N.; Phang, K.F.; Kew, G.S.; Teng, H.; Ngai, C.H.; et al. Covert
COVID-19 and false-positive dengue serology in Singapore. Lancet Infect. Dis. 2020, 20, 536. [CrossRef]

100. Luvira, V.; Leaungwutiwong, P.; Thippornchai, N.; Thawornkuno, C.; Chatchen, S.; Chancharoenthana, W.; Tandhavanant, S.;
Muangnoicharoen, S.; Piyaphanee, W.; Chantratita, N. False Positivity of Anti-SARS-CoV-2 Antibodies in Patients with Acute
Tropical Diseases in Thailand. Trop. Med. Infect. Dis. 2022, 7, 132. [CrossRef]

101. Santoso, M.S.; Masyeni, S.; Haryanto, S.; Yohan, B.; Hibberd, M.L.; Sasmono, R.T. Assessment of dengue and COVID-19 antibody
rapid diagnostic tests cross-reactivity in Indonesia. Virol. J. 2021, 18, 1–5. [CrossRef]

102. Spinicci, M.; Bartoloni, A.; Mantella, A.; Zammarchi, L.; Rossolini, G.M.; Antonelli, A. Low risk of serological cross-reactivity
between dengue and COVID-19. Mem. Inst. Oswaldo Cruz 2020, 115, e200225. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.diagmicrobio.2017.04.002
http://www.ncbi.nlm.nih.gov/pubmed/28478111
http://doi.org/10.1128/JCM.00346-17
http://doi.org/10.2807/1560-7917.ES.2016.21.50.30426
http://doi.org/10.1016/j.diagmicrobio.2017.09.001
http://doi.org/10.3201/eid2512.191022
http://doi.org/10.4269/ajtmh.21-0099
http://doi.org/10.1016/j.cmi.2020.02.037
https://www.cdc.gov/zika/hc-providers/testing-guidance.html
http://doi.org/10.1128/JVI.79.22.13924-13933.2005
http://doi.org/10.1002/jmv.21091
http://doi.org/10.29333/ejgm/12279
http://doi.org/10.1093/cid/ciaa1207
http://doi.org/10.1016/S1473-3099(20)30158-4
http://doi.org/10.3390/tropicalmed7070132
http://doi.org/10.1186/s12985-021-01522-2
http://doi.org/10.1590/0074-02760200225

	The Flavivirus NS1 
	The Role of NS1 in Dengue Fever Diagnosis 
	NS1 in Serum Samples 
	Dengue NS1 Detection in Other Body Fluids 
	CSF NS1 for Diagnosis of Dengue-Associated Encephalitis 
	Detection of Dengue NS1 Is Tissue Specimens 

	NS1 in Zika Infection 
	The Role of NS1 for Other Flaviviruses Diagnosis 
	The Role of Dengue NS1 Testing to Differentiate Dengue vs. COVID-19 Infection 
	In Summary 
	References

