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BACKGROUND INFORMATION

Dengue fever is a debilitating disease caused by
systemic infection with one of the four dengue virus
(DENV) serotypes. DENV is transmitted between
humans through the Aedes mosquito and is
problematic in tropical and subtropical regions, where
roughly 390 million DENV infections occur annually
[1]. Unfortunately, due to global warming and
increasing globalization, the virus is rapidly spreading
to new areas around the world. It is currently
predicted that half of the world's population, or
roughly 3.9 billion people, are at risk of becoming
infected with DENV [2].

Though the initial fever caused by DENV only rarely
results in death, it has the potential to progress to
dengue hemorrhagic fever (DHF) and dengue shock
syndrome (DSS), both of which are severe and life-
threatening diseases [3]. These diseases are
characterized by severe hemorrhaging, plasma leakage
that may lead to shock, and ultimately, organ
impairment [4]. With prompt diagnosis and
intervention, however, fatality rates of DHF and DSS
may be reduced from over 20% to below 1% [5].
Unfortunately, rapid diagnosis and treatment of
infection with DENV is currently limited by our
knowledge of how the virus manifests the disease.
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Furthermore, there is no scientific consensus over the
classification of DENV-associated diseases [6]. This lack
of knowledge makes it difficult to predict which
individuals have the highest risk of developing severe
disease. At this time, there is also an absence of
antivirals and specific treatments for treating dengue
fever [3]. More research needs to be done focusing on
the factors that mediate progression from dengue fever
to more severe forms before we can rapidly diagnose
patients and design novel treatments.

In recent years, advances in '-Omics' approaches have
paved the way for the discovery of new diagnostic and
prognostic markers which may be applied to viral
infections. These '-Omics' approaches involve platforms
that detect and quantify molecules such as DNA
(genomics),  RNA (transcriptomics),  proteins
(proteomics), or metabolites (metabolomics) in
biological fluids [7]. In the context of DENV infection,
studies have already found differences that may assist
the diagnosis and prognosis of dengue fever to its more
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severe forms. A recent study found 121 potential
protein biomarkers which were differentially expressed
in the plasma of patients with severe dengue compared
to dengue fever [8]. Further, a proof-of-concept study
recently explored metabolomic differences associated
with individual outcomes of DENV infection in patients
with and without the
virus, specifically in
Nicaraguan and Mexican
populations [9].

When multiple '-Omics'
platforms are used
together, this allows for a
holistic investigation of
the mechanisms involved
in viral disease
progression and may also
elucidate potential host
pathways  for  novel
treatment targets. In this review, we explore the
potential of '-Omics' approaches to reduce mortality
against viral infections. We focus on DENV and the
mechanisms that are involved in progression from
dengue fever to more severe forms of the disease, which
will hopefully prove useful in future treatment of
infected patients.

RESEARCH QUESTIONS

Orchestrating systems to efficiently and promptly
diagnose and treat DENV-infected patients remains an
issue as the virus continues to spread around the globe.
Utilizing '-Omics' based platforms may uncover
underlying physiological changes which could
simultaneously result from DENYV infection and predict
disease progression. Fully elucidating the steps
involved in the progression from dengue fever to its
more severe forms will result in meaningful changes
with regards to how DENV is diagnosed and treated to
prevent disease progression. The preliminary studies
which found differences in molecular profiles among
different populations during DENV infection present an
opportunity to personalize our treatment approaches in
that we can target specific host pathways associated
with disease progression in certain populations. Further
investigation of '-Omics' based approaches could
revolutionize how all infectious diseases, not simply
DENV-associated diseases, are diagnosed and treated,
which is an important target considering that millions
of lives continue to be claimed worldwide due to
infectious diseases [10].

Though improvements have certainly been made in
the functionality and reliability of '-Omics' based
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platforms, careful planning is required before they can
be applied in widespread clinical settings. First, we
investigate how these '-Omics' based approaches can be
used to facilitate diagnosis, prognosis, and treatment of
viral diseases in specific populations. Specifically, we
focus our discussion on genomic, transcriptomic,
proteomic, and
metabolomic approaches
in the context of DENV
infection. We then ask
which steps are required
in the progression of
dengue fever to more
severe outcomes of the
disease. Due to the recent
increase in observed Zika-
DENV co-infections, it is
important to explore the
implications Zika
infection has on DENV disease progression. Then we
examine how infection with the Zika virus influences
the progression of dengue fever to DHF and DSS.

PROJECT NARRATIVE

How Can '-Omics' Based Approaches Be Used to
Facilitate the Diagnosis, Prognosis, and Treatment of
Viral Infections?

In order to determine how viral infections impact
complex host biological processes, our approaches must
be holistic, yet integrated. Based on the close biological
relationship between DNA, RNA, and proteins,
studying genetic, transcriptomic, and proteomic
profiles serves as a suitable starting point for
investigation. Furthermore, it has been well established
that viral infection perturbs the metabolism of
carbohydrates, lipids, nucleotides, and amino-acids
[11], so it would follow that metabolomic approaches
will provide important insights as to how host
metabolic pathways are altered. Together, these
approaches allow us to peer into the bodies of infected
patients and determine the molecular consequences of
viral infection.

A holistic '-Omics' approach has not yet been utilized
to investigate viral infections, but was used to explain
the molecular mechanisms involved in breast
tumorigenesis by deciphering the pathways perturbed
in breast cancer [12]. Taking the analysis of '-Omics' data
one step further, differences in molecular profiles
among various populations may be exploited for the
development of targeted therapeutics. As mentioned
earlier, a study recently demonstrated that there are
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distinct differences in metabolomic profiles after DENV
infection between Mexican and Nicaraguan patients [9].
With data collection on a larger scale, these differences
may be used to understand why certain populations are
more susceptible to infection, which may in turn be
used to design personalized treatments for those
populations.

Such a widespread initiative requires collaboration
with clinicians to administer tests and collect data while
closely monitoring patients (Fig. 1). When a patient
enters the clinic with signs associated with DENV
infection, the first step would be to confirm infection
with DENV and identify which serotype the patient is
infected with. This may be accomplished using the
Dengue Day1 Test, a rapid immuno-chromatographic
test which detects DENV NS1 antigen and IgM/IgG
antibodies specific to DENV in human blood [13]. These
tests are highly sensitive and specific, and their low cost
allows for widespread use even in remote clinics [13].
Following this initial diagnostic step, the patient's DNA
would be sequenced and repeated measurements
would be taken of their transcriptomic, proteomic, and
metabolomic profiles over time. While the majority of
patients will overcome the initial infection, the
population which progresses to more severe forms of

the disease will continue to be monitored and data
collection will continue.

Up to now we have mentioned data collection but
have not yet discussed what this data would actually
comprise. The main goal is the collection of 'molecular
profiles' in terms of which transcripts, proteins, and
metabolites are present in what amounts over the
course of a viral infection. Messenger RNA (mRNA)
microarrays or RNA-Seq may be employed to study
gene expression and collect transcriptomic profiles [14].
Multiple  reaction monitoring (MRM) mass
spectrometry may be used to probe for proteins present
within specific biological samples collected from
patients [15]. Profiles of metabolites present from
biological samples may similarly be quantified and
characterized wusing a combination of liquid
chromatography and mass spectrometry [16]. Of
course, integrated approaches remain a possibility to
reduce the complexity of this data collection [17]. There
are financial and bioethical limitations which we will
consider later in the review.

Once this data is collected, it must be stored and
analyzed. This approach may benefit from the advances
made in cloud computing to create databases to share
data among researchers around the globe. Various
mathematical models can be applied to estimate which
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FIG. 1 Collection of data requires careful planning and collaboration

Disease Progression

with clinicians. Patients entering the clinic with symptoms associated

with viral infection are first diagnosed with a rapid test. This confirms viral infection and identifies the specific viral cause and subtype.
Molecular data is collected periodically by clinicians while the patient is being monitored. Though viral infections are often resolved,
progressing disease manifestations will continue to be monitored with additional data collection. Data collected is stored on servers which may

be accessed by researchers around the globe.
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molecular signatures are associated with different
disease states, such as the progression from dengue
fever to severe dengue [18]. The associations revealed
may be starting points for molecular investigations to
elucidate mechanisms of viral infection and disease
progression. Additionally, associated pathways may
reveal host pathways contributing to viral infection and
disease, which may be exploited as novel targeted
treatments.

We have described this holistic system as a potential
means to further study DENV infection and disease
progression in vast clinical settings. Although we are
quite far from adapting these emerging '-Omics'
platforms for widespread «clinical use, studies
incorporating single '-Omics' platforms in the lab have
found differences in the molecular profiles of DENV
infected patients compared to healthy individuals [8, 9,
19]. In the following section, we will discuss relevant
findings pertaining to DENV infection and disease
progression, and explore how an integrated approach
would allow us to build upon these preliminary
findings.

What are the required steps in the progression of
Dengue fever to severe Dengue?

As we've discussed, DENV remains a threat to global
health due to its increasing geographic distribution and
incidence rate [20]. Though the progression to severe
dengue is relatively rare, occurring in roughly 5-10% of
DENV-infected individuals, these diseases may be fatal
unless promptly diagnosed and treated [21]. A greater
understanding of the molecular mechanisms involved
in DENV disease progression is required to facilitate
disease diagnosis and prognosis as well as elucidate
novel targets for treatments against the disease.

Progression to severe dengue typically occurs 4-7 days
after the initial infection, at a time when viral levels are
typically low and immune responses are well-
established [22]. Though the mechanism of disease
progression has not yet been determined empirically,
there is increasing evidence to support the idea that our
host immune responses facilitate the progression of the
disease and result in the hemorrhaging observed in
DHF and DSS.

A recent study found 551 overabundant transcripts in
severe dengue patients compared to serotype-matched
patients who did not develop severe complications [23].
Almost a third of these overexpressed genes encoded
products that are involved in neutrophil activation and
degranulation, including neutrophil elastase (ELA2),
cathepsin G (CTSG), myeloperoxidase (MPO), and the
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defensins DEF1A and DEF4A [23]. Interestingly, ELA2
and CTSG are serine proteases which have been shown
to cleave vascular endothelial cadherins, resulting in
reduced integrity of the vascular endothelium [24].
Reduced integrity of the vascular endothelium may
contribute to hemorrhaging.

Perhaps a more convincing finding that host factors
are involved, however, is the observation that blood
cells of severe dengue patients have increased levels of
transcripts encoding matrix metallopeptidase (MMP) 8
and 9 compared to dengue fever patients and healthy
controls [25]. While these multifunctional proteins
primarily play a role in tissue remodeling, studies have
shown that increased MMP levels result in permeability
of capillaries and direct damage to endothelial tissues
through induction of inflammatory mediators [26-28].
Notably, increasing serum levels of MMP 9 have been
strongly associated with severity of plasma leakage
during DENV infection in two separate studies [29, 30].
A recent study found 121 differentially expressed
proteins in the plasma of DHF patients compared to
dengue fever patients, 15 of which were statistically
associated with disease severity [8]. This included the
anti-protease alpha-2-macroglobulin (A2M), whose
serum levels were higher in recovering dengue fever
patients and less in DHF patients, compared to healthy
controls [8]. Perhaps increased protease activity in DHF
patients due to low levels of A2M may be contributing
to the hemorrhaging observed in these patients. Upon
further study, these differentially expressed proteins
may serve as biomarkers to diagnose DENV infection as
well as predict and monitor disease progression.
Similarly, metabolites found in certain bodily fluids
may serve as promising biomarkers. Studies have found
differences in the metabolomic profiles of DENV-
infected patients based upon geographic location, age,
and gender [9, 19].

These preliminary findings of host pathways
associated with DENV disease progression serve as
starting points for the production of novel anti-DENV
therapeutics which target host factors. As an
illustration, synthetic inhibitors of MMPs have been in
development for the past two decades due to the
association of MMPs with several cancers and
inflammatory diseases [31, 32]. Unfortunately, poor
study design and low inhibitor stability have led to the
failure of all clinical trials [31]. Continued development
of these MMP inhibitors will remain an active area of
research in the near future given the lack of currently
approved antivirals against DENV. Furthermore, the
finding that anti-protease A2M levels are decreased in
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severe dengue patients may warrant investigation into
analogue drugs to prevent vascular leak.

In order to design personalized treatments
appropriate  for specific populations, genetic
backgrounds must also be considered. Genomic studies
have  revealed  associations  between  gene
polymorphisms and DENV disease severity. One study
found that the rs3765524 polymorphism of the
phospholipase C epsilon (PCLE1) gene is strongly
associated with progression to DSS [33]. Similar PCLE1
mutations have been associated with nephrotic
syndrome, a kidney disorder characterized by
glomerular basement membrane dysfunction, which
results in decreased vascular oncotic pressure and
edema [34]. While these associations provide insight
into the severe forms of DENV infection, they certainly
do not imply causation, and a bigger picture is required
in order to understand the steps involved in disease
progression upon infection. The holistic approach
described in the previous section would allow for a
deeper understanding of the effects of DENV infection
on different populations.

In line with a big-picture approach, it is necessary to
examine the interplay between different viruses. Mono-
infections with DENV are becoming increasingly rare as
it has been shown that DENV is co-circulating with the
Zika and Chikungunya viruses [35]. Given the
continuing spread of the Zika virus where DENV is
endemic, the virus will remain a focus of the field, and
so we must next consider how infection with the Zika
virus affects DENV disease progression.

How does co-infection with the Zika virus influence
Dengue disease progression?

Investigating the effect Zika virus could potentially
have on DENV disease progression may be
accomplished using the clinical approach described
earlier. A simple adjustment to the initial diagnostic test
would be needed to test for co-infection with the Zika
virus. This would require improvements to the current
ELIZA performed as a test for Zika-specific IgM
antibodies, as cross-reactivity remains an issue [36]. A
possible alternative to achieve this is the multiplex
reverse transcription PCR (RT-PCR) recently developed
for the simultaneous detection of the Zika,
Chikungunya, and Dengue viruses [37].

Co-infection scenarios involving both DENV and the
Zika virus have only been documented over the past 2-
3 years. Co-infection was described in two patients from
New Caledonia in 2014 [38]. Neither patient developed
hemorrhagic or neurologic conditions often associated
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with severe dengue and no synergistic effects of the two
viruses were observed. Other DENV-Zika co-infections
have been documented [39, 40], but again, no
synergistic effects were reported. In-depth molecular
studies are required in order to uncover possible
influences one virus has on the other.

Molecular studies suggest that DENV antibodies may
be facilitating Zika infection, resulting in increased viral
replication [41]. It is plausible that Zika may conversely
influence DENV infection and disease progression. It
has been shown that the Zika NS5 protein targets
STAT2, ultimately resulting in dampened type I
interferon responses [42]. As DENV similarly has
multiple mechanisms to dampen type 1 interferon
signaling [43], it is interesting to investigate whether co-
infection results in a synergistic dampening of these
responses. Holistic '-Omics' approaches may perhaps
reveal decreased type I interferon signaling in co-
infected patients. It is a possibility that a reduction in
this signaling may result in an increased viral load,
potentially amplifying host responses that may be
contributing to the progression to severe dengue. This
would have severe implications in how future co-
infected patients may be treated to combat progression
to severe disease forms at an early stage.

Elucidating any potential differences with respect to
disease pathogenesis in co-infected patients may have
important consequences during this time where DENV,
Zika, and Chikungunya are rapidly spreading through
subtropical regions. Accounting for potential influences
of DENV disease pathogenesis lead us closer to
explaining the scarcity of Zika infections in India, for
example.

SUMMARY AND CONCLUSION

We have discussed the potential of an widespread,
integrated '-Omics' approach to increase our
understanding of viral diseases. In the context of
DENV, a continuing threat to public health, this
approach may be used to solve unanswered questions
surrounding viral pathogenesis and disease
progression. Early '-Omics' studies suggest that the
progression from dengue fever to severe dengue is
mediated, in part, by host responses. It remains unclear
how co-infection with Zika may influence this disease
progression, but further research will uncover
associations that may reveal interactions between the
two infections.

While '-Omics' approaches have been widely used to
study human cancers and facilitate drug development,
these approaches have received less attention when it
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comes to infectious diseases, specifically viral
infections. These approaches have proved useful when
used in the field, however. Proteomic approaches have
greatly increased our understanding of how herpes
simplex virus type 1 (HSV-1) interacts with host cells
[44]. Building off of these preliminary studies, a holistic
approach involving the study of multiple molecular
profiles is required to truly understand the implications
of viral infection.

Future studies using the strategies explained in this
review could link specific molecular profiles to host
microbiota. It is well established that the host
microbiota vastly influences human health and it has in
fact been shown that our microbiota inhibits infection
with some viruses and promotes infection with others
[45]. It is plausible, then, that our microbiota may
influence host pathways involved in the progression of
viral diseases, such as that of dengue fever to severe
dengue. A recent study has found a correlation between
lung microbiota to specific metabolic profiles in human
immunodeficiency virus (HIV)-infected patients [46].
Investigating the role commensal microbes have on
viral infection and disease progression will continue to
be an area of interest.

There are numerous limitations which must be
considered before such widespread studies may take
place. First and foremost is the issue of cost. The
majority of the tests and assays described in this review
are currently too expensive for widespread clinical use.
Improvements have been made, however, in
sequencing and molecular profiling technologies which
are making these platforms more accessible [47, 48]. It
must also be considered that the transition from
research grade '-Omics' assays to those done in the clinic
requires extensive development and validation [49].
The data collected is sensitive to differences in how
specimens are collected, processed, and stored [50],
which will vary in different geographical settings unless
standardized procedures are set and enforced.

Our described approach would have to comply with
existing bioethical guidelines and also adapt to
emerging guidelines associated with collection of large,
personalized databases. Widespread training and
education of clinical workers is required to ensure
informed consent from subjects before data is collected.
The molecular profile data is personal and potentially
identifying, so appropriate measures must be taken to
encrypt the data and ensure it is secure. Stringent
guidelines must be followed regardless of geographic
locations. Recent publications have outlined several
steps which may be taken to ensure these study comply
with ethical, legal, and regulatory frameworks [49].
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Improvements in '-Omics' technologies and platforms
present opportunities to address many unanswered
questions pertaining to viral infection and infectious
diseases beyond DENYV infection. Given the continuing
worldwide mortality attributed to infectious diseases,
these approaches will continue to provide novel
insights for years to come.

ACKNOWLEDGEMENTS

I would like to sincerely thank Dr. Frangois Jean for his
keen guidance and endless support throughout the
preparation of this document. His meaningful
feedback, along with the contributions from my peers,
is much appreciated.

REFERENCES

1. Bhatt S, Gething P, Brady O, Messina ], Farlow A, Moyes
C et al (2013). The global distribution and burden of
Dengue. Nature. 496(7446):504-507.

2. Brady O, Gething P, Bhatt S, Messina ], Brownstein ], Hoen
A etal (2012). Refining the Global Spatial Limits of Dengue
Virus Transmission by Evidence-Based Consensus. PLoS
Negl Trop Dis. 6(8):€1760.

3. Rajapakse S, Rodrigo C, Rajapakse A (2012). Treatment of
dengue fever. Infect Drug Resist. 5:103-112.

4. PovoaT, Alves A, Oliveira C, Nuovo G, Chagas V, Paes M
(2014). The Pathology of Severe Dengue in Multiple

Organs of Human Fatal Cases: Histopathology,
Ultrastructure and Virus Replication. PLoS One.
9(4):e83386.

5. Gubler D (2002). Epidemic dengue/dengue hemorrhagic
fever as a public health, social and economic problem in
the 21st century. Trends Microbiol. 10(2):100-103.

6. Hadinegoro S (2012). The revised WHO Dengue case
classification: Does the system need to be modified?
Paedriat Int Child Health. 32(sup1):33-38.

7. Horgan R, Kenny L (2011). ‘Omic’ technologies: genomics,
transcriptomics, proteomics and metabolomics. Obstet
Gynecol. 13(3):189-195.

8. Brasier A, Zhao Y, Wiktorowicz ], Spratt H, Nascimento E,
Cordeiro M et al (2015). Molecular classification of
outcomes from dengue virus -3 infections. | Clin Virol.
64:97-106.

9. Voge N, Perera R, Mahapatra S, Gresh L, Balmaseda A,
Lorofio-Pino M et al (2016). Metabolomics-Based
Discovery of Small Molecule Biomarkers in Serum
Associated with Dengue Virus Infections and Disease
Outcomes. PLoS Negl Trop Dis. 10(2):e0004449.

10. Dye C (2014). After 2015: infectious diseases in a new era
of health and development. Philos Trans R Soc Lond B Biol
Sci. 369(1645):426.

11. Noto A, Dessi A, Puddu M, Mussap M, Fanos V (2014).
Metabolomics technology and their application to the
study of the viral infection. ] Matern-Fetal Neo M. 27(2):53-
57.

Undergraduate Review Article 37



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

July 2017 Volume 2

Kalita-de Croft P, Al-Ejeh F, McCart Reed A, Saunus ],
Lakhani S (2016). ‘Omics Approaches in Breast Cancer
Research and Clinical Practice. Adv Anat Pathol. 23(6):356-
367.

Mitra S, Choudhari R, Nori H, Abhilash KP, Jayaseelan V
et al (2016). Comparative evaluation of validity and cost-
benefit analysis of rapid diagnostic test (RDT) kits in
diagnosis of dengue infection using composite reference
criteria: A cross-sectional study from south India. | Vector
Borne Dis. 53(1):30.

Zhao S, Fung-Leung W, Bittner A, Ngo K, Liu X (2014).
Comparison of RNA-Seq and Microarray in
Transcriptome Profiling of Activated T Cells. PLoS ONE.
9(1):e78644.

Mitchell P (2010). Proteomics retrenches. Nat Biotechnol.
28(7):665-670.

Gika H, Theodoridis G, Plumb R, Wilson I (2014). Current
practice of liquid chromatography-mass spectrometry in
metabolomics and metabonomics. | Pharmaceut Biomed.
87:12-25.

Haider S, Pal R (2013). Integrated Analysis of
Transcriptomic and Proteomic Data. Curr Genomics.
14(2):91-110.

Dyrskjot L, Zieger K, Real F, Malats N, Carrato A, Hurst C
et al (2007). Gene Expression Signatures Predict Outcome
in Non-Muscle-Invasive  Bladder Carcinoma: A
Multicenter Validation Study. Clin Cancer Res. 13(12):3545-
3551.

Shahfiza N, Osman H, Hock T, Shaari K, Abdel-Hamid A
(2015). Metabolomics for characterization of gender
differences in patients infected with dengue virus. Asian
Pac | Trop Med. 8(6):451-456.

Nedjadi T, El-Kafrawy S, Sohrab S, Despres P,
Damanhouri G, Azhar E (2015). Tackling dengue fever:
Current status and challenges. Virol . 12(1).

Wichmann OJelinek T (2006). Dengue in Travelers: a
Review. | Travel Med. 11(3):161-170.

Garcia-Bates T, Cordeiro M, Nascimento E, Smith A,
Soares de Melo K, McBurney S et al (2012). Association
between Magnitude of the Virus-Specific Plasmablast
Response and Disease Severity in Dengue Patients. |
Immunol. 190(1):80-87.

Hoang L, Lynn D, Henn M, Birren B, Lennon N, Le P et al
(2010). The Early Whole-Blood Transcriptional Signature
of Dengue Virus and Features Associated with
Progression to Dengue Shock Syndrome in Vietnamese
Children and Young Adults. | Virol. 84(24):12982-12994.
Hermant B, Bibert S, Concord E, Dublet B, Weidenhaupt
M, Vernet T et al (2003). Identification of Proteases
Involved in the Proteolysis of Vascular Endothelium
Cadherin during Neutrophil Transmigration. | Biol Chem.
278(16):14002-14012.

Devignot S, Sapet C, Duong V, Bergon A, Rihet P, Ong S et
al (2010). Genome-Wide Expression Profiling Deciphers
Host Responses Altered during Dengue Shock Syndrome
and Reveals the Role of Innate Immunity in Severe
Dengue. PLoS ONE. 5(7):€11671.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

JEMI-PEARLS

Page-McCaw A, Ewald A, Werb Z (2007). Matrix
metalloproteinases and the regulation of tissue
remodelling. Nat Rev Mol Cell Bio. 8(3):221-233.

Galley H, Webster N (2004). Physiology of the
endothelium. Brit | Anaesth. 93(1):105-113.

Raffetto J, Khalil R (2008). Matrix metalloproteinases and
their inhibitors in vascular remodeling and vascular
disease. Biochem Pharmacol. 75(2):346-359.

Her Z, Kam Y, Gan V, Lee B, Thein T, Tan ] et al (2016).
Severity of Plasma Leakage Is Associated With High
Levels of Interferon y-Inducible Protein 10, Hepatocyte
Growth Factor, Matrix Metalloproteinase 2 (MMP-2), and
MMP-9 During Dengue Virus Infection. | Infect Dis.
215(1):42-51.

Sukmawati D, Saputra E, Merati T (2016). Elevated Serum
Levels of Matrix Metalloproteinase 9 in Severe Dengue
Virus Infection at Sanglah Hospital Denpasar, Bali -
Indonesia. Bali Med . 5(1):134.

Vandenbroucke R, Libert C (2014). Is there new hope for
therapeutic matrix metalloproteinase inhibition? Nat Rev
Drug Discov. 13(12):904-927.

Davies B, Brown P, East N, Crimmin N, Balkwill F (1993).
A Synthetic Matrix Metalloproteinase Inhibitor Decreases
Tumor Burden and Prolongs Survival of Mice Bearing
Human Ovarian Carcinoma Xenografts. Cancer Res.
53:2087-2091.

Khor C, Chau T, Pang J, Davila S, Long H, Ong R et al
(2011). Genome-wide association study identifies
susceptibility loci for dengue shock syndrome at MICB
and PLCEL. Nat Genet. 43(11):1139-1141.

Hinkes B, Wiggins R, Gbadegesin R, Vlangos C, Seelow D,
Niirnberg G et al (2006). Positional cloning uncovers
mutations in PLCE1 responsible for a nephrotic syndrome
variant that may be reversible. Nat Genet. 38(12):1397-1405.
Pess6a R, Patriota J, Lourdes de Souza M, Felix A, Mamede
N, Sanabani S (2016). Investigation Into an Outbreak of
Dengue-like Illness in Pernambuco, Brazil, Revealed a
Cocirculation of Zika, Chikungunya, and Dengue Virus
Type 1. Medicine. 95(12):e3201.

Rabe I, Staples J, Villanueva J, Hummel K, Johnson J, Rose
L et al (2016). Interim Guidance for Interpretation of Zika
Virus Antibody Test Results. Morb Mortal Wkly Rep.
65(21):543-546.

Pabbaraju K, Wong S, Gill K, Fonseca K, Tipples G, Tellier
R (2016). Simultaneous detection of Zika, Chikungunya
and Dengue viruses by a multiplex real-time RT-PCR
assay. | Clin Virol. 83:66-71.

Dupont-Rouzeyrol M, O’Connor O, Calvez E, Daures M,
John M, Grangeon ] et al (2014). Co-infection with Zika and
Dengue Viruses in 2 Patients, New Caledonia. Emerg Infect
Dis. 21(2):381-382.

Villamil-Gémez W, Rodriguez-Morales A, Uribe-Garcia A,
Gonzalez-Arismendy E, Castellanos ], Calvo E et al (2016).
Zika, dengue, and chikungunya co-infection in a pregnant
woman from Colombia. Int | Infect Dis. 51:135-188

Iovine N, Lednicky J, Cherabuddi K, Crooke H, White S,
Loeb ] et al (2017). Coinfection With Zika and Dengue-2

Undergraduate Review Article 38



Viruses in a Traveler Returning From Haiti, 2016: Clinical
Presentation and Genetic Analysis. Clin Infect Dis. 64(1):72-
75.

41. Dejnirattisai W, Supasa P, Wongwiwat W, Rouvinski A,
Barba-Spaeth G, Duangchinda T et al (2016). Dengue virus
sero-cross-reactivity drives antibody-dependent
enhancement of infection with zika virus. Nat Immunol.
17(9):1102-1108.

42. Grant A, Ponia S, Tripathi S, Balasubramaniam V, Miorin
L, Sourisseau M et al (2016). Zika Virus Targets Human
STAT2 to Inhibit Type I Interferon Signaling. Cell Host
Microbe. 19(6):882-890.

43. Ramirez ], Urcuqui-Inchima S (2015). Dengue Virus
Control of Type I IFN Responses: A History of
Manipulation and Control. | Interferon Cytokine Res.
35(6):421-430.

44. Santamaria E, Sanchez-Quiles V, Fernandez-Irigoyen J,
Corrales F (2012). Contribution of MS-Based Proteomics to
the Understanding of Herpes Simplex Virus Type 1
Interaction with Host Cells. Front Microbiol. 3:1-5.

45. Robinson C, Pfeiffer ] (2014). Viruses and the Microbiota.
Annu Rev Virol. 1(1):55-69.

46. Cribbs S, Uppal K, Li S, Jones D, Huang L, Tipton L et al
(2016). Correlation of the lung microbiota with metabolic
profiles in bronchoalveolar lavage fluid in HIV infection.
Microbiome. 4(1).

July 2017 Volume 2

JEMI-PEARLS

47. Pasing Y, Colnoe S, Hansen T (2016). Proteomics of
hydrophobic samples: Fast, robust and low-cost
workflows for clinical approaches. Proteomics.

48. Shapland E, Holmes V, Reeves C, Sorokin E, Durot M, Platt
D et al (2015). Low-Cost, High-Throughput Sequencing of
DNA Assemblies Using a Highly Multiplexed Nextera
Process. ACS Synth Biol. 4(7):860-866.

49. McShane L, Cavenagh M, Lively T, Eberhard D, Bigbee W,
Williams P et al (2013). Criteria for the use of omics-based
predictors in clinical trials. Nature. 502(7471):317-320.

50. Moore H, Kelly A, Jewell S, McShane L, Clark D,
Greenspan R et al (2011). Biospecimen Reporting for
Improved Study Quality. Biopreserv Biobank. 9(1):57-70.

ACRONYMS

Alzheimer’s disease (AD), herpes simplex virus type 1 (HSV1), central
nervous system (CNS), apolipoprotein E type 4 (APOE &4), amyloid-
beta (AP), neurofibrillary tangles (NFTs), hyperphosphorylated Tau
(p-Tau), peripheral nervous system (PNS), herpes simplex
encephalitis (HSE), amyloid precursor protein (APP), trigeminal
ganglion (TG), heparin sulphate proteoglycan (HSPG), latency
associated transcript (LAT), infected cell polypeptide (ICP)
interleukin (IL), transforming growth factor beta (TGF-B),
complement factor H (CFH), nerve growth factor (NGF), signal
transducers and activators of transcription (STAT), reactive oxygen
species (ROS), paired helical filaments (PHFs), glycogen synthase
kinase 3 beta (GSK3p), protein kinase A (PKA), Caspase 3 (Cas3),
protein kinase R (PKR), valacyclovir (VCV), Immunoglobulin M
(IgM), phosphorylated APP (p-APP)
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