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Dengue infection has been well recognized for more than half a century. However, specific treatment has not existed. The disease
is still prevalent in many tropical areas. Trend in epidemiology has noticeably changed recently that more young adults are
affected. Many other manifestations other than fever, constitutional symptoms, and bleeding have been recognized. The present
review will focus on current epidemiology of dengue infection, diagnosis, and unusual complications. Recommendation of use

of dengue vaccine will also be discussed.
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Dengue infection is still prevalent in many tropical
countries resulting in 50 to 100 million infections per
year). It causes a high economic burden in endemic
area and the most important issue is that mortality
rate is high in severe cases. Although the disease has
been recognized for more than half a century, specific
treatment or effective control measures have not been
well established. The first dengue vaccine has been
released in 2016, however, it does not confer effective
immunity to all viral strains.

Dengue infection is caused by dengue virus
(DENV) belonging to Flaviviridae family. Currently,
there are four serotypes (DENV 1 to 4). The virus is
transmitted by Aedes mosquitoes, both 4. aegypti and
A. albopictus. These mosquitoes can also transmit
two other well-known viruses, chikungunya and zika
viruses. Though the clinical manifestations of these
three diseases can be clinically distinguished most
of the time, overlapping signs and symptoms exist.
Table 1 shows the clinical characteristics of these
three diseases. In addition, the serological diagnosis
of dengue infection can be complicated by the fact
that false positive rates can be high due to cross
reactivity of tests with other flaviviruses (e.g., zika
and Japanese encephalitis viruses) cocirculating in
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Table 1. Comparison of clinical manifestations of
dengue, zika, and chikungunya infections

Dengue Zika Chikungunya
Asymptomatic Common Common  Not common
infection
Conjunctivitis v
Congenital v
anomalies
Neurologic v v

(congenital)

Athralgia/myalgia v v v
Headache v v v
Fever v v v
Shock v
Rash v v v

the same endemic area.

Though the knowledge of management of dengue
infection has been quite constant, there has been many
new issues regarding dengue infection such as change
in epidemiology of infection, atypical manifestations
of dengue infection, and vulnerability of infection, etc.
The present review will focus on new perspectives of
dengue infection at current situation.

Epidemiology

Previously, dengue infection was a childhood
disease. However, the number of cases in adolescents
and young adults have been increasing recently.
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The reasons behind this shift are not clear but may
be due to change in epidemiological, ecological,
and demographic dynamics®. A study in Thailand
proposed that the reduced birth and death rates
leading to a shift in the age structure of the population,
could contribute to this change®. Better control of
the disease leading to reduce force of infection, can
also cause young adults to be more vulnerable to
infection®. Another possibility is that the internists
are more aware of the disease in adult population
resulting in more investigations for the disease and
more cases are identified. However, young children
still suffer from more severe disease than adults®.
This shift in age group will have an impact on clinical
guideline of dengue infection with more emphasis
toward management in adult population including
the elderly.

Diagnosis

Diagnosis of dengue infection can be performed
by direct antigen detection and serology tests. Direct
antigen detection includes polymerase chain reaction
(PCR) and NS1 detection. Direct antigen detection
is useful during the febrile stage of the disease. NS1
has the highest sensitivity during the first few days
of fever®?, while PCR assays can be used to detect
virus until five to six days after onset of the fever®.
Overall sensitivity of NS1 for detection of DENV is
more than 90% during the first few days after onset
of the fever and decreases afterward. It can be as
low as 40% on day 4 after onset of fever in cases of
secondary dengue hemorrhagic fever”. The specificity
of NS1 for diagnosis of dengue infection is quite high.
A retrospective study conducted by Matheus et al®
showed that dengue NS1 test did not have positive
results in serum of acute Zika infection. [gM is useful
in primary infection and can be detected after six days
of onset of the fever. The sensitivity is around 80% on
day 6 after onset of fever”.

Clinical manifestations

Dengue infection typically manifests in various
clinical spectra, ranging from asymptomatic infection
(the most common presentation) to dengue shock
syndrome. Mortality rate is high in the latter.
Classification of symptomatic dengue infection into
dengue fever, dengue hemorrhagic fever (grade I to
IV) denotes the pathophysiology of the disease (World
Health Organization [WHO] criteria 1997)®. Dengue
fever is dengue infection without signs of capillary
leakage, while dengue hemorrhagic fever represents
infection with signs of capillary leakage including
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rising of hematocrit, pleural effusion, ascites, and
hypoalbuminemia. Dengue shock syndrome is dengue
hemorrhagic fever with massive leakage to the extent
that circulatory collapse ensues. According to this
criterion, dengue hemorrhagic fever can be divided
into three distinct stages, febrile stage, critical stage
or toxic stage, and defervescence stage. However, in
2009, WHO defined a new classification of dengue
infection'”. This classification is based on severity
of the disease. There are three categories of severity,
dengue without warning signs, dengue with warning
signs, and severe dengue. This classification guides
clinical management in patients with dengue infection.
Patients classified into dengue with warning signs and
severe dengue need closed observation.

Severity of dengue infection

Many factors determine the severity of the dengue
infection. Both host and viral factors determine the
severity of the disease. Genetic factors have been
proven to play a role, meaning that some patients
may be more vulnerable to severe infection!'?.
Obese patients tend to have more disease severity!'®.
Subsequent infection with different subtypes of the
virus at a certain duration apart from primary infection
can lead to severe disease!'*!Y. Some subtypes of the
virus tend to cause more severe disease than others.
DENYV subtypes 2 and 3 tend to cause more severe
disease that subtypes 1 and 419,

Complications of dengue infection
Complications of dengue infection that may
encountered include, but is not limited to, bleeding,
respiratory distress from massive pleural effusion,
or ascites. Bleeding should be suspected if patients
had persistent tachycardia, even when adequate
fluid is administered or if hematocrit dropped while
the vital signs are unstable. Sometimes, bleeding
is concealed in the gastrointestinal tract without
apparent external bleeding. When bleeding is
suspected, blood components (packed red blood
cells, fresh frozen plasma, or platelet concentrate)
should be administered. Respiratory distress should
be managed to ascertain that patients had adequate
oxygenation. Mechanical ventilator is needed if
the patients developed respiratory failure. Pleural
paracentesis is contraindicated in patients with dengue
infection as this may cause massive hemothorax.
Abdominal paracentesis can be considered. However,
if abdominal paracentesis has to be performed,
it should be performed by experienced surgeon.
Release of abdominal fluid does not only improve
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respiratory function but also relieve abdominal
pressure. Increased abdominal pressure from rapid
accumulation of ascetic fluid can lead to abdominal
compartment syndrome, which can compromise renal
blood flow and subsequently renal failure'?.

Dengue infection can lead to pathology in many
organs. Hepatitis is a well-known end organ disease
and can be found in 70% of the dengue infected
patients"®. In addition, myocarditis and encephalitis
are not uncommon. The prevalence of myocarditis has
been reported to be as high as 11% in one outbreak
in southern China"”. The prevalence of myocarditis
was higher in dengue infected patients with warning
signs and patients with severe dengue. Patients with
myocarditis were also more associated with shock.
Manifestations of dengue myocarditis included heart
failure, arrhythmia, and heart block!. The outcome
was quite good in patients with dengue myocarditis!'®.
Evidence from myocardial biopsy from a dead patient
showed that DENYV could be detected in myocytes®?,
implying that myocytes can be the target cells of
DENV.

Neurological complications of dengue infection
include encephalitis, which is the direct viral invasion
of brain parenchyma. Encephalopathy can be due
to systemic metabolic derangement such as hepatic
failure, and post infectious complications such
as Guillain Barré syndrome and optic neuritis@h.
Encephalitis could be found in 7% of the dengue
infected patients'®. Patients can present with altered
sensorium, or seizure. DENV subtype 2 and 3 are
common subtypes that cause dengue encephalitis®?.
Interestingly, common manifestations of dengue
infection, for example, myalgia, rash, or bleeding,
could be found in less than 50% of the cases with
dengue encephalitis®.

Superimposed infection is another complication
in dengue infection. Dengue infection can lead to
immune suppression®9. Bacterial infection during
the course of dengue infection can occur in patients with
comorbidities, advanced age, and more severe dengue
manifestations®®. Superimposed bacterial infection
should be suspected in patients with longer duration
of fever, and alteration in laboratory parameters such
as procalcitonin, leucocyte count, hyponatremia, and
renal function tests®®. Superimposed aspergillosis
can be found and is detrimental in dengue infected
patients@7%),

Infection associated hemophagocytic syndrome
(IAHS) can be a fatal complication following dengue
infection. This condition should be suspected if the
patients have recurrence of fever or if the patients
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do not defervesce as expected in the clinical course.
Unexplained decrease of hematocrit or white blood cell
count should also raise the possibility of this condition.
This condition can be confirmed by bone marrow
examination showing increased hemophagocytic
activity®. Intravenous immunoglobulin (IVIG) is the
treatment of choice for this condition®?,

Treatment

Specific treatment of dengue infection is still not
available. Appropriate fluid therapy is a mainstay in
supportive care of dengue infection.

Vaccine

Currently, only one dengue vaccine (Dengvaxia)
has been approved for prevention of dengue infection.
The vaccine is live-attenuated and administered for
three doses at month 0, 6, and 126V, It is recommended
for children and adults between 9 and 45 years old.
WHO recommends that serological test for dengue
infection be done prior to vaccination as seronegative
patients who receive vaccine have a higher chance
of having severe dengue when infected®?. However,
accurate serostatus of dengue is difficult to obtain.
Counseling risks and benefits of vaccination before
vaccination is recommended.

Conclusion

Dengue infection is still prevalent in many
regions. Recognizing unusual manifestations or
complications of the disease is necessary for prompt
investigation and treatment. Specific treatment has
not existed. Vaccine efficacy is still not optimal.
Vector control remains the most important method
for disease control.

What is already known on this topic?

Dengue infection still contributes a large burden
in tropical area. No effective treatment is available.
Previously, this disease was confined to young
children, but it now infects adults. It can cause
hemorrhage and shock due to capillary leakage.
Atypical manifestations or complications have rarely
been recognized.

What this study adds?

This review summarized the change in
epidemiology of dengue infection, which showed
that adult population has been increasingly affected.
Many atypical manifestations such as encephalitis,
myocarditis, and complications such as abdominal
compartment syndrome have been reported.

J Med Assoc Thai | Vol.102 | No.12 | December 2019



Conflicts of interest

The author declares no conflict of interest.

References

1.

10.

11.

12.

13.

Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow
AW, Moyes CL, et al. The global distribution and
burden of dengue. Nature 2013;496:504-7.

Thai KT, Nishiura H, Hoang PL, Tran NT, Phan GT,
Le HQ, et al. Age-specificity of clinical dengue during
primary and secondary infections. PLoS Negl Trop Dis
2011;5:e1180.

Cummings DA, lamsirithaworn S, Lessler JT,
McDermott A, Prasanthong R, Nisalak A, et al. The
impact of the demographic transition on dengue in
Thailand: insights from a statistical analysis and
mathematical modeling. PLoS Med 2009;6:¢1000139.
Griffiths DA. The effect of measles vaccination on the
incidence of measles in the community. J R Statist Soc
A 1973;136:441-9.

Guzman MG, Kouri G, Bravo J, Valdes L, Vazquez S,
Halstead SB. Effect of age on outcome of secondary
dengue 2 infections. Int J Infect Dis 2002;6:118-24.
Solanke VN, Karmarkar MG, Mehta PR. Early dengue
diagnosis: Role of rapid NS1 antigen, NS1 early
ELISA, and PCR assay. Trop ] Med Res 2015;18:95-9.
Chuansumrit A, Chaiyaratana W, Pongthanapisith V,
Tangnararatchakit K, Lertwongrath S, Yoksan S. The
use of dengue nonstructural protein 1 antigen for the
early diagnosis during the febrile stage in patients with
dengue infection. Pediatr Infect Dis J 2008;27:43-8.
Matheus S, Boukhari R, Labeau B, Ernault V, Bremand
L, Kazanji M, et al. Specificity of dengue NS1 antigen
in differential diagnosis of dengue and zika virus
infection. Emerg Infect Dis 2016;22:1691-3.

World Health Organization. Dengue haemorrhagic
fever: diagnosis, treatment, prevention and control
[Internet]. 2nd ed. Geneva: WHO; 1997 [cited 2019
Aug 17]. Available from: https://apps.who.int/iris/
bitstream/handle/10665/41988/9241545003 _eng.pdf.
World Health Organization. Dengue: Guidelines for
diagnosis, treatment, prevention and control [Internet].
Geneva: WHO; 2009 [cited 2019 Aug 17]. Available
from https://www.who.int/tdr/publications/documents/
dengue-diagnosis.pdf.

Stephens HA, Klaythong R, Sirikong M, Vaughn DW,
Green S, Kalayanarooj S, et al. HLA-A and -B allele
associations with secondary dengue virus infections
correlate with disease severity and the infecting viral
serotype in ethnic Thais. Tissue Antigens 2002;60:
309-18.

Chuansumrit A, Anantasit N, Sasanakul W,
Chaiyaratana W, Tangnararatchakit K, Butthep P, et al.
Tumour necrosis factor gene polymorphism in dengue
infection: association with risk of bleeding. Paediatr
Int Child Health 2013;33:97-101.

Pichainarong N, Mongkalangoon N, Kalayanarooj S,
Chaveepojnkamjorn W. Relationship between body

J Med Assoc Thai | Vol.102 | No.12 | December 2019

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

size and severity of dengue hemorrhagic fever among
children aged 0-14 years. Southeast Asian J Trop Med
Public Health 2006;37:283-8.

Thein S, Aung MM, Shwe TN, Aye M, Zaw A, Aye
K, et al. Risk factors in dengue shock syndrome. Am
J Trop Med Hyg 1997;56:566-72.

Halstead SB, O’Rourke EJ. Antibody-enhanced
dengue virus infection in primate leukocytes. Nature
1977;265:739-41.

Fried JR, Gibbons RV, Kalayanarooj S, Thomas SJ,
Srikiatkhachorn A, Yoon IK, et al. Serotype-specific
differences in the risk of dengue hemorrhagic fever: an
analysis of data collected in Bangkok, Thailand from
1994 to 2006. PLoS Negl Trop Dis 2010;4:e617.
Lertbunrian R, Apiwattanakul N, Tangnararatchakit
K, Chantra M, Anantasit N, Thasanthiah S, et al. Case
study of a patient with dengue hemorrhagic fever and
massive plasma leakage. Thai J Pediatr 2016;55:72-80.
Neeraja M, Takshmi V, Teja VD, Lavanya V, Priyanka
EN, Subhada K, et al. Unusual and rare manifestations
of dengue during a dengue outbreak in a tertiary care
hospital in South India. Arch Virol 2014;159:1567-73.
Li Y, Hu Z, Huang Y, Li J, Hong W, Qin Z, et al.
Characterization of the Myocarditis during the worst
outbreak of dengue infection in China. Medicine
(Baltimore) 2016;95:¢4051.

Salgado DM, Eltit JM, Mansfield K, Panqueba C,
Castro D, Vega MR, et al. Heart and skeletal muscle
are targets of dengue virus infection. Pediatr Infect Dis
J2010;29:238-42.

Murthy JM. Neurological complication of dengue
infection. Neurol India 2010;58:581-4.

Lum LC, Lam SK, Choy YS, George R, Harun F.
Dengue encephalitis: a true entity? Am J Trop Med
Hyg 1996;54:256-9.

Solomon T, Dung NM, Vaughn DW, Kneen R, Thao LT,
Raengsakulrach B, et al. Neurological manifestations
of dengue infection. Lancet 2000;355:1053-9.
Mathew A, Kurane I, Green S, Vaughn DW,
Kalayanarooj S, Suntayakorn S, et al. Impaired T cell
proliferation in acute dengue infection. J Immunol
1999;162:5609-15.

Rouse BT, Horohov DW. Immunosuppression in viral
infections. Rev Infect Dis 1986;8:850-73.

Trunfio M, Savoldi A, Vigano O, d’Arminio MA.
Bacterial coinfections in dengue virus disease: what
we know and what is still obscure about an emerging
concern. Infection 2017;45:1-10.

Kohli U, Sahu J, Lodha R, Agarwal N, Ray R. Invasive
nosocomial aspergillosis associated with heart failure
and complete heart block following recovery from
dengue shock syndrome. Pediatr Crit Care Med 2007,
8:389-91.

Larbcharoensub N, Aroonroch R, Kanoksil W,
Leopairut J, Nitiyanant P, Khositseth A, et al.
Infection-associated hemophagocytic syndrome
among patients with dengue shock syndrome and
invasive aspergillosis: a case series and review of the

1361



literature. Southeast Asian J Trop Med Public Health
2011;42:1106-12.

29. Janka GE. Familial and acquired hemophagocytic
lymphohistiocytosis. Annu Rev Med 2012;63:233-46.

30. Wan Jamaludin WF, Periyasamy P, Wan Mat WR,
Abdul Wahid SF. Dengue infection associated
hemophagocytic syndrome: Therapeutic interventions
and outcome. J Clin Virol 2015;69:91-5.

31. Hadinegoro SR, Arredondo-Garcia JL, Capeding

1362

32.

MR, Deseda C, Chotpitayasunondh T, Dietze R,
et al. Efficacy and long-term safety of a dengue
vaccine in regions of endemic disease. N Engl J Med
2015;373:1195-206.

Sridhar S, Luedtke A, Langevin E, Zhu M, Bonaparte
M, Machabert T, et al. Effect of dengue serostatus on
dengue vaccine safety and efficacy. N Engl J Med
2018;379:327-40.

J Med Assoc Thai | Vol.102 | No.12 | December 2019



