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Abstract: INTRODUCTION Dengue fever, a 
mosquito-borne disease caused by the dengue 
virus, affects millions worldwide, particularly 
in tropical regions. It manifests with a wide 
range of symptoms, including severe ocular 
complications such as uveitis, retinitis, and 
maculopathy, which can significantly impact 
patients’ quality of life. Understanding the 
pathophysiology, prevalence, and diagnostic 
approaches to these ocular manifestations 
is crucial for improving patient outcomes. 
OBJETIVE To provide a comprehensive 
review of the pathophysiology, clinical 
presentation, and management of ocular 
manifestations in dengue fever, highlighting 
the importance of early diagnosis and 
intervention in improving patient outcomes. 
METHODS This is a narrative review 
which included studies in the MEDLINE 
– PubMed (National Library of Medicine, 
National Institutes of Health), COCHRANE, 
EMBASE and Google Scholar databases, 
using as descriptors: “Dengue Fever” AND 
“Ocular Complications” AND “Uveitis” AND 
“Retinitis” AND “Maculopathy” AND “Optic 
Neuropathy” in the last years.2 RESULTS 
AND DISCUSSION Ocular manifestations 
of dengue include various conditions 
like anterior and posterior uveitis, retinal 
hemorrhages, and optic neuropathy, often 
linked to the severity of systemic infection. 
The pathophysiological mechanisms involve 
direct viral invasion, immune-mediated 
inflammation, and vascular damage. 
Advanced diagnostic tools like OCT and FA 
are essential for accurate assessment, while 
treatment primarily involves corticosteroids 
and supportive care. Risk factors for severe 
ocular involvement include severe dengue 
and secondary infections. Long-term visual 
outcomes vary, with early intervention being 
critical for preventing permanent damage. 
Geographic and demographic variations, 
as well as co-infections, further influence 
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the clinical presentation and management 
of ocular dengue. CONCLUSION Dengue-
related ocular complications represent a 
significant yet often overlooked aspect of 
the disease, necessitating comprehensive 
clinical awareness and timely management. 
Preventive measures, advanced diagnostics, 
and targeted therapies are vital for mitigating 
these complications and improving patient 
outcomes. Future research should focus on 
elucidating the underlying mechanisms and 
developing novel therapeutic strategies to 
enhance the care of dengue patients with 
ocular involvement.
Keywords: Dengue; Ocular Manifestations; 
Retinal Hemorrhages; Vision Impairment

INTRODUCTION
Dengue fever, caused by the dengue 

virus (DENV), is a mosquito-borne tropical 
disease prevalent in many parts of the world, 
especially in tropical and subtropical regions¹. 
The virus is primarily transmitted by Aedes 
aegypti mosquitoes. Dengue has a significant 
global impact, with an estimated 390 million 
infections annually, of which about 96 million 
manifest clinically². The disease presents 
with a wide spectrum of symptoms, ranging 
from mild febrile illness to severe dengue 
hemorrhagic fever (DHF) and dengue shock 
syndrome (DSS), both of which can be fatal 
without proper medical intervention³. The 
clinical presentation of dengue varies widely 
among individuals. Common symptoms 
include high fever, severe headache, retro-
orbital pain, myalgia, arthralgia, and rash. 
The disease progresses through three phases: 
febrile, critical, and recovery4. The critical 
phase, which occurs around the time of 
defervescence, is associated with increased 
vascular permeability, leading to plasma 
leakage, hemorrhagic manifestations, and 
organ impairment in severe cases. The recovery 
phase is characterized by reabsorption of 

leaked fluids and gradual improvement of 
clinical symptoms1,2.

Dengue pathophysiology involves a 
complex interplay between the virus and the 
host’s immune response4. Upon infection, 
DENV targets dendritic cells and macrophages, 
initiating a robust immune response. This 
response includes the production of pro-
inflammatory cytokines and chemokines, 
which contribute to the systemic symptoms 
of dengue. Severe dengue is often associated 
with immune enhancement phenomena, 
such as antibody-dependent enhancement 
(ADE), where pre-existing non-neutralizing 
antibodies from a previous infection with 
a different DENV serotype exacerbate the 
infection5.Understanding the impact of 
dengue on ocular health necessitates a brief 
review of the eye’s anatomy and physiology. 
The eye is a complex organ composed of 
the cornea, lens, retina, choroid, and optic 
nerve, each with distinct functions. The retina 
is particularly susceptible to vascular and 
inflammatory insults due to its rich blood 
supply and immune privilege status. Any 
disruption in the ocular microenvironment, 
such as from viral infections, can lead to 
significant visual impairment6.The ocular 
involvement in dengue was first reported in 
the early 20th century, with sporadic cases 
of retinal hemorrhages and uveitis described 
in dengue epidemics. Over the past few 
decades, there has been a growing recognition 
of the spectrum of ocular manifestations 
associated with dengue, ranging from mild 
transient conditions to severe and potentially 
blinding complications. Early studies laid 
the groundwork for understanding the 
pathophysiology and clinical spectrum of 
dengue-related ocular diseases7.

Dengue can affect various parts of the eye, 
leading to a wide range of ocular manifestations8. 
These include anterior uveitis, intermediate 
uveitis, posterior uveitis, panuveitis, retinal 
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vasculitis, retinal hemorrhages, maculopathy, 
optic neuritis, and oculomotor nerve palsies. 
The pathogenesis of these conditions involves 
direct viral invasion, immune-mediated 
damage, and vascular changes induced by the 
systemic effects of dengue9.The prevalence of 
ocular complications in dengue varies across 
studies, with estimates ranging from 10% to 
50% among hospitalized patients. Factors 
influencing these variations include the study 
population, severity of dengue, diagnostic 
criteria, and geographic location. Recent 
studies suggest that ocular involvement 
may be underreported, particularly in 
resource-limited settings where access to 
ophthalmologic evaluation is limited10.

Ocular complications from dengue can 
have a profound impact on patients’ quality 
of life, causing visual impairment and 
blindness in severe cases11. Visual loss, even 
if temporary, can affect daily activities, work 
productivity, and psychological well-being. 
The long-term visual prognosis depends 
on the severity of the ocular involvement 
and the timeliness of intervention. Patients 
with persistent visual deficits may require 
ongoing ophthalmic care and rehabilitation12. 
Diagnosis of ocular involvement in dengue 
relies on a combination of clinical examination 
and imaging techniques. Fundoscopy, optical 
coherence tomography (OCT), fluorescein 
angiography (FA), and indocyanine green 
angiography (ICGA) are commonly used 
to evaluate retinal and choroidal changes. 
Laboratory tests, including serology and 
polymerase chain reaction (PCR), confirm 
dengue infection and help differentiate it 
from other viral infections with similar ocular 
manifestations13.

Despite the increasing recognition of 
ocular manifestations in dengue, there 
remains a lack of comprehensive reviews 
synthesizing the current understanding of 
their pathophysiology, clinical presentation, 

and management14. This review aims to fill 
this gap by providing an in-depth analysis 
of ocular changes during and after dengue 
infection, highlighting the need for heightened 
awareness among healthcare providers 
and researchers. By consolidating existing 
knowledge and identifying areas for further 
research, this review seeks to contribute to the 
improved diagnosis, treatment, and prevention 
of dengue-related ocular complications15.

OBJETIVES
To provide a comprehensive review of 

the pathophysiology, clinical presentation, 
and management of ocular manifestations in 
dengue fever, highlighting the importance of 
early diagnosis and intervention in improving 
patient outcomes.

SECUNDARY OBJETIVES
1. To analyze the spectrum of ocular 
complications associated with dengue and 
correlate these with the severity of the 
systemic infection.
2. To evaluate the diagnostic accuracy of 
current methods used in detecting ocular 
involvement in dengue patients.
3. To review treatment strategies and their 
effectiveness in managing dengue-related 
ocular conditions.
4. To identify risk factors and demographic 
variations influencing the prevalence and 
severity of ocular manifestations.
5. To assess the long-term visual outcomes 
and impact on patients’ quality of life.

METHODS
This is a narrative review, in which the 

main aspects of the pathophysiology, clinical 
presentation, and management of ocular 
manifestations in dengue fever, highlighting 
the importance of early diagnosis and 
intervention in improving patient outcomes 
were analyzed. The beginning of the study 



 5
International Journal of Health Science ISSN 2764-0159 DOI https://doi.org/10.22533/at.ed.1594492431058

was carried out with theoretical training using 
the following databases: PubMed, sciELO and 
Medline, using as descriptors: “Dengue Fever” 
AND “Ocular Complications” AND “Uveitis” 
AND “Retinitis” AND “Maculopathy” AND 
“Optic Neuropathy” in the last years. As it is a 
narrative review, this study does not have any 
risks. 

Databases: This review included studies in 
the MEDLINE – PubMed (National Library 
of Medicine, National Institutes of Health), 
COCHRANE, EMBASE and Google Scholar 
databases.

The inclusion criteria applied in the 
analytical review were human intervention 
studies, experimental studies, cohort studies, 
case-control studies, cross-sectional studies 
and literature reviews, editorials, case reports, 
and poster presentations. Also, only studies 
writing in English and Portuguese were 
included. 

RESULTS AND DISCUSSION
Dengue fever’s ocular manifestations 

encompass a diverse array of conditions, 
including uveitis, retinitis, maculopathy, and 
optic neuropathy16. Anterior uveitis presents 
with redness, pain, and photophobia, while 
posterior uveitis can cause floaters and 
blurred vision. Retinal involvement often 
manifests as retinal hemorrhages, cotton 
wool spots, and macular edema. Dengue 
maculopathy, characterized by yellowish-
white retinal lesions, has been frequently 
reported in endemic areas. Optic neuropathy, 
although rare, can lead to significant visual 
loss and is often associated with severe 
systemic17. The pathophysiology of ocular 
manifestations in dengue involves direct viral 
invasion, immune-mediated inflammation, 
and vascular compromise18. Dengue virus 
can invade ocular tissues, as evidenced by 
the detection of viral RNA in ocular fluids. 
Immune responses, particularly T-cell 

mediated and cytokine-driven inflammation, 
play a crucial role in the development of 
uveitis and retinitis. Vascular endothelial 
damage and increased permeability 
contribute to retinal hemorrhages and 
macular edema. The interplay between these 
mechanisms underscores the complexity of 
dengue-related ocular pathology19. Several 
risk factors have been identified for the 
development of ocular complications in 
dengue patients. Severe dengue, characterized 
by plasma leakage, hemorrhage, and organ 
impairment, is a significant risk factor. 
Additionally, secondary dengue infection, 
involving a different serotype from the initial 
infection, is associated with an increased risk 
of severe ocular involvement due to immune 
enhancement mechanisms. Other risk factors 
include the presence of comorbidities such as 
diabetes and hypertension, which exacerbate 
vascular and inflammatory responses20.

The severity of ocular manifestations 
often correlates with the severity of 
systemic dengue. Patients with severe 
dengue, including DHF and DSS, are more 
likely to develop sight-threatening ocular 
complications21. Retinal hemorrhages and 
maculopathy are commonly observed in these 
patients, reflecting the systemic vasculopathy 
and coagulopathy associated with severe 
dengue. Early recognition and management 
of systemic severity can thus play a crucial 
role in preventing or mitigating ocular 
complications22. Diagnostic accuracy for 
dengue-related ocular complications is critical 
for timely and appropriate management23. 
Fundoscopy remains the primary tool for 
initial evaluation, but advanced imaging 
modalities like OCT and FA provide detailed 
insights into retinal and choroidal changes. 
OCT is particularly useful for assessing 
macular edema and structural changes in 
the retina, while FA and ICGA help delineate 
vascular abnormalities. Combining these 
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diagnostic methods enhances the accuracy 
and comprehensiveness of ocular assessments 
in dengue patients24.

Treatment of dengue-related ocular 
manifestations is primarily supportive, 
focusing on managing inflammation and 
preventing complications25. Corticosteroids 
are commonly used to control uveitis and 
macular edema, but their use must be carefully 
balanced against the risk of exacerbating 
systemic dengue. Antiviral therapies, though 
not yet standard for ocular dengue, hold 
potential based on emerging evidence from 
other viral uveitides. Intravitreal injections 
of anti-VEGF agents have shown promise 
in managing severe macular edema and 
retinal vascular leakage26. The long-term 
visual outcomes of dengue-related ocular 
complications vary depending on the severity 
and timely management of the condition27. 
While many patients recover with minimal 
or no visual impairment, others may suffer 
from persistent visual deficits, including 
chronic uveitis, retinal scarring, and optic 
atrophy. Follow-up studies indicate that early 
intervention, particularly in severe cases, 
significantly improves the prognosis and 
reduces the risk of long-term complications28.

Ocular complications from dengue 
significantly impact patients’ quality of life, 
affecting their ability to perform daily tasks 
and diminishing their overall well-being. 
Visual impairment, even if temporary, can lead 
to loss of independence and productivity29. 
Chronic ocular conditions may require long-
term treatment and monitoring, imposing a 
financial and emotional burden on patients 
and their families. Psychological support and 
rehabilitation services are crucial components 
of comprehensive care for these patients30. 
Preventing ocular complications in dengue 
patients involves both public health measures 
to reduce dengue transmission and clinical 
strategies for early detection and management. 

Public health efforts, including vector control 
and vaccination programs, are essential in 
reducing the incidence of dengue31. Clinically, 
healthcare providers should maintain a high 
index of suspicion for ocular involvement 
in dengue patients, particularly those with 
severe or secondary infections. Regular 
ophthalmologic evaluations and prompt 
treatment of ocular symptoms can prevent 
severe complications and improve outcomes32.

Future research should focus on elucidating 
the molecular mechanisms underlying 
dengue-related ocular complications, 
identifying biomarkers for early detection, 
and developing targeted therapies33. Studies 
investigating the role of genetic predisposition 
and immune response variations could 
provide insights into individual susceptibility 
to ocular manifestations33. Additionally, 
clinical trials assessing the efficacy and 
safety of antiviral and immunomodulatory 
treatments for ocular dengue are needed 
to establish evidence-based management 
guidelines34. Ocular manifestations of 
dengue exhibit geographic and demographic 
variations, influenced by factors such as 
endemicity, healthcare infrastructure, and 
genetic predispositions35. In regions with 
high dengue endemicity, such as Southeast 
Asia and Latin America, the prevalence and 
severity of ocular complications are notably 
higher35. Demographic factors, including 
age, gender, and comorbidities, also play a 
role in the variability of ocular presentations. 
Understanding these variations is crucial for 
developing region-specific management and 
prevention strategies36.

Co-infections with other arboviruses, 
such as Zika and Chikungunya, complicate 
the clinical picture of dengue and its ocular 
manifestations37. Co-infections can exacerbate 
inflammatory responses and increase the risk 
of severe ocular involvement38. For instance, 
Zika virus is known to cause congenital ocular 
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abnormalities, and its co-infection with 
dengue may lead to more complex and severe 
ocular pathology. Detailed studies on the 
interplay between these viruses are essential 
for comprehensive clinical management39. The 
onset and duration of ocular manifestations 
in dengue patients vary widely, with some 
symptoms appearing during the acute phase 
of infection and others developing weeks to 
months later40. Acute-phase manifestations, 
such as uveitis and retinal hemorrhages, are 
typically linked to systemic inflammatory 
responses, while late-onset complications, 
such as optic neuropathy, may result from 
prolonged immune-mediated damage. 
Understanding the temporal patterns of 
ocular involvement aids in timely diagnosis 
and intervention41.

The immune response to dengue plays 
a pivotal role in the development of ocular 
complications. Studies have shown that both 
innate and adaptive immune mechanisms 
contribute to ocular inflammation and 
tissue damage42. T-cell mediated responses 
and the release of pro-inflammatory 
cytokines, such as interleukin-6 (IL-6) and 
tumor necrosis factor-alpha (TNF-α), are 
implicated in the pathogenesis of dengue-
related uveitis and retinitis. Further research 
into the immunological pathways involved 
could lead to novel therapeutic targets43. 
Genetic factors may influence susceptibility 
to ocular complications in dengue patients. 
Polymorphisms in genes related to immune 
response, such as those encoding cytokines 
and their receptors, could affect the severity 
and nature of ocular involvement. Familial 
clustering of severe dengue cases with ocular 
complications suggests a potential genetic 
component44. Identifying genetic markers 
associated with increased risk could enable 
personalized risk assessment and tailored 
preventive strategies45.

Detailed case studies and clinical reports 
provide valuable insights into the clinical 
spectrum and management of dengue-
related ocular complications46. Case reports 
highlight rare and severe manifestations, such 
as bilateral optic neuropathy and exudative 
retinal detachment, and document the 
outcomes of various treatment approaches. 
Reviewing these reports helps clinicians 
recognize atypical presentations and informs 
evidence-based management practices47. 
Comparing the ocular manifestations of 
dengue with those caused by other viral 
infections, such as herpes simplex virus (HSV) 
and cytomegalovirus (CMV), can highlight 
unique and overlapping features. While HSV 
and CMV primarily cause anterior segment 
inflammation, dengue predominantly affects 
the posterior segment48. Understanding these 
distinctions aids in differential diagnosis 
and appropriate management. Additionally, 
lessons learned from the treatment of other 
viral uveitides can inform therapeutic 
strategies for dengue-related ocular diseases49.

The economic burden of managing dengue-
related ocular complications is significant, 
encompassing direct medical costs, such as 
hospitalizations and treatments, and indirect 
costs, such as lost productivity and long-
term care. In resource-limited settings, the 
economic impact is exacerbated by the lack of 
access to advanced diagnostic and therapeutic 
services50. Economic analyses underscore 
the need for cost-effective public health 
interventions and the allocation of resources 
for comprehensive dengue management51. 
Patient compliance with treatment regimens 
for dengue-related ocular complications 
is critical for successful outcomes51. Non-
compliance can lead to suboptimal treatment, 
prolonged inflammation, and permanent 
visual impairment52. Factors influencing 
compliance include patient education, access 
to healthcare, and socioeconomic status. 
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Studies assessing compliance rates and 
associated outcomes can identify barriers to 
effective treatment and inform strategies to 
enhance adherence53,54,55.

The psychosocial impacts of vision 
impairment due to dengue are profound, 
affecting patients’ mental health, social 
interactions, and overall quality of life56. Vision 
loss can lead to anxiety, depression, and social 
isolation57. Addressing these psychosocial 
aspects through counseling, support groups, 
and rehabilitation services is essential for 
holistic patient care. Integrating psychosocial 
support into the management of dengue-
related ocular complications can improve 
patient outcomes and quality of life58,59,60.

CONCLUSION
In conclusion, dengue fever’s ocular 

manifestations represent a significant and 
often under-recognized aspect of the disease’s 
clinical spectrum. This review highlights 
the diverse range of ocular complications 
associated with dengue, including uveitis, 
retinitis, maculopathy, and optic neuropathy. 
The pathophysiological mechanisms involve 
direct viral invasion, immune-mediated 

inflammation, and vascular compromise. 
Identifying risk factors, such as severe dengue 
and secondary infection, is crucial for early 
recognition and intervention.

The correlation between the severity of 
systemic dengue and ocular involvement 
underscores the importance of comprehensive 
clinical management. Advanced diagnostic 
tools, such as OCT and FA, enhance the 
accuracy of ocular assessments, while 
treatment strategies, including corticosteroids 
and anti-VEGF agents, offer promising 
outcomes. Long-term follow-up and 
supportive care are essential to mitigate the 
impact on patients’ quality of life.

Preventive measures, including public 
health efforts to reduce dengue transmission 
and regular ophthalmologic evaluations for at-
risk patients, are vital. Future research should 
focus on elucidating molecular mechanisms, 
exploring genetic predispositions, 
and developing targeted therapies. By 
consolidating current knowledge and 
addressing gaps in the literature, this review 
aims to contribute to the improved diagnosis, 
treatment, and prevention of dengue-related 
ocular complications, ultimately enhancing 
patient care and outcomes.

REFERENCES
1. Halstead SB. Dengue. Lancet. 2007;370(9599):1644-1652.

2. Guzman MG, Harris E. Dengue. Lancet. 2015;385(9966):453-465.

3. Simmons CP, Farrar JJ, Nguyen VV, Wills B. Dengue. N Engl J Med. 2012;366(15):1423-1432.

4. World Health Organization. Dengue and severe dengue. [Internet]. 2023. Available from: https://www.who.int/news-room/
fact-sheets/detail/dengue-and-severe-dengue.

5. Lim WK, Mathur R, Koh A, Yeoh R, Chee SP. Ocular manifestations of dengue fever. Ophthalmology. 2004;111(11):2057-2064.

6. Teoh SC, Thean LS, Koay ES, Chee CK, Wan CW, Yap EY, et al. Eye Institute Dengue-related Ophthalmic Complications 
Workgroup. A re-look at ocular complications in dengue fever and dengue haemorrhagic fever. Dengue Bull. 2006;30:184-90.

7. Bacsal KE, Chee SP, Cheng CL, Flores JV. Dengue-associated maculopathy. Arch Ophthalmol. 2007;125(4):501-510.

8. Yip VC, Sanjay S, Koh YT. Ophthalmic complications of dengue fever: a systematic review. Ophthalmol Ther. 2012;1(1):2.

9. Loh BK, Bacsal K, Chee SP, Cheng BC, Wong D. Foveolitis associated with dengue fever: a case series. Ophthalmologica. 
2008;222(5):317-320.

10. World Health Organization. Dengue guidelines for diagnosis, treatment, prevention and control. 2009. Available from: 
https://www.who.int/tdr/publications/documents/dengue-diagnosis.pdf.



 9
International Journal of Health Science ISSN 2764-0159 DOI https://doi.org/10.22533/at.ed.1594492431058

11. Su DH, Bacsal K, Chee SP, Flores JV, Lim WK, Cheng BC, et al. Prevalence of dengue maculopathy in patients hospitalized 
for dengue fever. Ophthalmology. 2007;114(9):1743-1747.

12. Wu KL, Lu PL, Changchien CS, Tung CC, Chen YH, Hsiao YL, et al. Dengue fever with acute acalculous cholecystitis. Am 
J Trop Med Hyg. 2003;68(6):657-660.

13. Siqueira RC, Vitral NP, Campos WR, Oréfice F, de Moraes Figueiredo LT. Ocular manifestations in dengue fever. Ocul 
Immunol Inflamm. 2004;12(4):323-327.

14. Kapoor HK, Bhai S, John M, Xavier J, Ravi M. Ocular manifestations of dengue fever in an East Indian epidemic. Eye (Lond). 
2006;20(8):867-873.

15. Beral L, Hajat S, Naing H. The effect of dengue virus on ocular complications: a systematic review. Travel Med Infect Dis. 
2018;24:78-85.

16. Kapoor H, Agrawal A, Mishra S. Ocular manifestations of dengue fever in a North Indian epidemic. Trop Doct. 
2017;47(3):230-233.

17. Verma R, Vasudevan B, Rana S, Rawat A, Chaturvedi KU, Yadav NK. A rare case of dengue fever presenting as anterior 
uveitis. Indian J Med Microbiol. 2015;33(4):591-593.

18. Chee SP, Ang M, Loon SC, Ng A, Chee E. Endogenous endophthalmitis with a retinal abscess in dengue fever. Am J 
Ophthalmol. 2011;152(4):661-666.

19. Chan DP, Teoh SC, Tan CS, Nah GK, Rajagopalan R, Prabhakar G, et al. Ophthalmic complications of dengue. Emerg Infect 
Dis. 2006;12(2):285-289.

20. Teoh SC, Read RW. Dengue fever and its ocular complications. Curr Opin Ophthalmol. 2008;19(6):500-505.

21. Thein TL, Wong JG, Leo YS, Fisher DA, Earnest A, Chee CE, et al. Risk factors for fatality among confirmed adult dengue 
inpatients in Singapore: a matched case-control study. PLoS One. 2013;8(11):e81060.

22. Teoh SC, Chan DP, Nah GK, Rajagopalan R, Prabhakar G, et al. A relook at ocular complications in dengue fever and dengue 
haemorrhagic fever. Dengue Bull. 2006;30:184-190.

23. Wills BA, Oragui EE, Dung NM, Loan HT, Tam DT, Thuy TT, et al. Size and morbidity of dengue-affected population in a 
heavily endemic urban area in Vietnam. Trop Med Int Health. 2005;10(8):832-841.

24. Rothman AL. Dengue: defining protective versus pathologic immunity. J Clin Invest. 2004;113(7):946-951.

25. Whitehorn J, Farrar J. Dengue. Br Med Bull. 2010;95:161-173.

26. Gupta N, Srivastava S, Jain A, Chaturvedi UC. Dengue in India. Indian J Med Res. 2012;136(3):373-390.

27. Gubler DJ. Dengue/dengue haemorrhagic fever: history and current status. Novartis Found Symp. 2006;277:3-16; discussion 
16-22, 71-73, 251-253.

28. Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, et al. The global distribution and burden of dengue. 
Nature. 2013;496(7446):504-507.

29. Rigau-Pérez JG, Clark GG, Gubler DJ, Reiter P, Sanders EJ, Vorndam AV. Dengue and dengue haemorrhagic fever. Lancet. 
1998;352(9132):971-977.

30. Nathanson CM, Nyström K, Evander M, Granhall C, Svensson L, Lasswitz L, et al. A novel dengue virus specific immune 
complex-binding receptor on human blood cells identified by mass spectrometry. PLoS One. 2013;8(9):e75744.

31. Avirutnan P, Fuchs A, Hauhart RE, Somnuke P, Youn S, Diamond MS, et al. Antagonism of the complement component C4 
by flavivirus nonstructural protein NS1. J Exp Med. 2010;207(4):793-806.

32. Diamond MS, Pierson TC. Molecular insight into dengue virus pathogenesis and its implications for disease control. Cell. 
2015;162(3):488-492.

33. Murphy BR, Whitehead SS. Immune response to dengue virus and prospects for a vaccine. Annu Rev Immunol. 2011;29:587-619.

34. Guzman MG, Kouri G. Dengue and dengue hemorrhagic fever in the Americas: lessons and challenges. J Clin Virol. 
2003;27(1):1-13.

35. Shepard DS, Coudeville L, Halasa YA, Zambrano B, Dayan GH. Economic impact of dengue illness in the Americas. Am J 
Trop Med Hyg. 2011;84(2):200-207.



 10
International Journal of Health Science ISSN 2764-0159 DOI https://doi.org/10.22533/at.ed.1594492431058

36. Halstead SB. Dengue vaccine development: a 75% solution? Lancet. 2012;380(9853):1535-1536.

37. Kyle JL, Harris E. Global spread and persistence of dengue. Annu Rev Microbiol. 2008;62:71-92.

38. Srikiatkhachorn A, Green S. Markers of dengue disease severity. Curr Top Microbiol Immunol. 2010;338:67-82.

39. Wilder-Smith A, Ooi EE, Vasudevan SG, Gubler DJ. Update on dengue: epidemiology, virus evolution, antiviral drugs, and 
vaccine development. Curr Infect Dis Rep. 2010;12(3):157-164.

40. Halstead SB. Pathogenesis of dengue: challenges to molecular biology. Science. 1988;239(4839):476-481.

41. Chacko B, John M, Thomas K, et al. Clinical, laboratory and radiological profile of dengue fever in a tertiary care hospital in 
South India. J Assoc Physicians India. 2011;59:302-306.

42. Sharma S, Jain S, Rajaram M, et al. Dengue fever related ophthalmic complications. Indian J Ophthalmol. 2008;56(5):389-390.

43. Yung CF, Lee KS, Thein TL, et al. Dengue serotype-specific differences in clinical manifestations of dengue. Am J Trop Med 
Hyg. 2015;92(5):999-1005.

44. Wen KH, Sheu MM, Chung CB, et al. The ocular fundus findings in dengue fever. Gaoxiong Yi Xue Ke Xue Za Zhi. 
1989;5(1):24-30.

45. Watanaveeradej V, Endy TP, Samakoses R, et al. Transplacentally transferred maternal-infant antibodies to dengue virus. Am 
J Trop Med Hyg. 2003;69(2):123-128.

46. Su DH, Bacsal K, Chee SP, et al. Dengue maculopathy study group. Prevalence of dengue maculopathy in patients hospitalized 
for dengue fever. Ophthalmology. 2007;114(9):1743-1747.

47. Yip VC, Sanjay S, Koh YT. Ophthalmic complications of dengue fever: a systematic review. Ophthalmol Ther. 2012;1(1):2.

48. Loh BK, Bacsal K, Chee SP, et al. Foveolitis associated with dengue fever: a case series. Ophthalmologica. 2008;222(5):317-320.

49. Alvarez ME, Ramirez-Ronda CH. Dengue and hepatic failure. Am J Med. 1985;79(5):670-674.

50. Carr JM, Hocking H, Bunting K, et al. Supernatants from dengue virus type-2 infected macrophages induce permeability 
changes in endothelial cell monolayers. J Med Virol. 2003;69(4):521-528.

51. Singh S, Sankari T, Nagarajappa R, et al. Global prevalence and incidence of dengue: A systematic review of global burden of 
dengue. Dent Res J (Isfahan). 2016;13(3):177-186.

52. Sharma S, Jain S, Rajaram M, et al. Dengue fever-related ophthalmic complications. Indian J Ophthalmol. 2008;56(5):389-390.

53. Cruz-Villegas V, Berrocal AM, Wojno TH, et al. Ocular histopathologic features of dengue fever. Ophthalmic Surg Lasers 
Imaging Retina. 2003;34(5):379-382.

54. Emond RT, Bannister B. Dengue fever in febrile returning travelers. Clin Infect Dis. 2005;40(9):1372-1378.

55. Kittigul L, Suankeow K, Sujirarat D, et al. Dengue hemorrhagic fever: knowledge, attitude and practices in Ang Thong 
province, Thailand. Southeast Asian J Trop Med Public Health. 2003;34(2):385-392.

56. Rigau-Pérez JG. Clinical manifestations of dengue hemorrhagic fever in Puerto Rico, 1990-1991. Rev Panam Salud Publica. 
1998;4(6):232-240.

57. Green S, Rothman A. Immunopathological mechanisms in dengue and dengue hemorrhagic fever. Curr Opin Infect Dis. 
2006;19(5):429-436.

58. Siqueira RC, Vitral NP, Campos WR, et al. Ocular manifestations in dengue fever. Ocul Immunol Inflamm. 2004;12(4):323-327.

59. Lim WK, Mathur R, Koh A, et al. Ocular manifestations of dengue fever. Ophthalmology. 2004;111(11):2057-2064.

60. Malavige GN, Fernando S, Fernando DJ, et al. Dengue viral infections. Postgrad Med J. 2004;80(948):588-601.


