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Disclaimer 
The views expressed during this presentation are the personal views of the 

presenter and do not necessarily represent the views of the U.S. Army or 
the U.S. Department of Defense.  

Walter Reed Army 
Institute of Research 
 
Silver Spring,  
Maryland 



UNCLASSIFIED Slide 3 

Objectives 

• Increase knowledge of: 
 

– Arbovirology 
 

– Epidemiology of tropical viral disease threats 
 

– Arboviral clinical syndromes 
 

– Key points related to prevention and treatment 
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Case Presentation 
• 18 year old native from Thailand (moved to US at 10 years of age) 

presents in August with 2 days of illness including fever, headache, bone 
pain, and nausea 3 days after returning from a vacation in Puerto Rico. 
He vacationed in San Juan, stayed in a hotel, ate and drank local foods 
and beverages from the hotel and restaurants, and swam in the hotel 
pool and ocean. He does not recall mosquito exposure and did not 
reliably use DEET. He had no animal exposures. He has no past medical 
history except for a single STI. He takes no medications to include those 
acquired OTC. He does not abuse ETOH nor use illicit drugs.  
 

• The LEAST likely diagnosis would be: 
 

– 1. chikungunya 
– 2. dengue 
– 3. leptospirosis 
– 4. acute HIV 
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Dengue 
• Basics 

– Family Flaviviridae, Genus Flavivirus, Species Dengue 
• Same family as WNV, YF, JE, Zika 

– RNA virus, 3 structural and 7 non-structural genes 
• Different functions during infection process 
• Different targets for drugs/vaccines 
 
 
 
 
 

 
– 4 dengue virus types: DENV-1-4 

• Multiple genotypes within each dengue virus type 
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• Transmission 
– Feeding vector 
– Laboratory acquired 
– Blood supply? 
– Organ donation? 

 
• Vector 

– Aedes aegypti 
– Aedes albopictus 
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Areas supporting dengue virus transmission. 
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Dengue Burden 
Under-estimated and under-reported 

 

389.9M infections/ year 

Bhatt et al., Nature. 2013 Apr 7. 

ASIA 

AMERICAS 
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Reporting sources – WHO, MOHs, ProMed, GeoSentinel, EuroSurveillance, World Org 

CDC Dengue Map – 1 JUL – 10 SEP 2014 

Local level 
Country level 
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Puerto Rico 

References: 1) CDC Website    4) Dengue Surveillance Weekly Report, CDC, December 2013 

Total viral identifications in the last 12 months 

Serotype Distribution 

Totals through 29 JUL 2014: 2,468 suspected, 381 confirmed, 2 severe (DHF), 0 deaths 
Totals through 31 DEC 2013: 18,164 suspected, 9,032 confirmed, 50 severe (DHF), 12 deaths 

Suspected cases reported compared to the historical average 
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“With respect to specific diagnoses, malaria was one of the three 
most frequent causes of systemic febrile illness among travelers from 

every region, although travelers from every region except sub-
Saharan Africa and Central America had confirmed or probable 

dengue more frequently than malaria.” 
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Factors Driving Transmission  

• DENVs 
– Travel in hosts 
– Viral evolution 

• Naïve hosts 
– Population growth 
– Increased urbanization 

• Vector 
– Ecologic changes 
– Evolution 

DENVS Vector 

Naïve 
Hosts Transmission 

& Disease 
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Factors Driving Disease 

• There is a significantly increased risk of severe 
dengue disease (dengue hemorrhagic fever) 
when infected a second time with a different 
DENV type than what you were infected with 
during your first infection (i.e. DENV-4 during first 
infection, DENV-2 during second). 
 

• Co-circulation of numerous DENV types in 
similar time and space increases risk of 
experiencing multiple infections with different 
DENV types.  



UNCLASSIFIED Slide 15 

D. Gubler 

DENV Type Distribution - 1970 
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Global Air Travel Flight Patterns 

http://upload.wikimedia.org/wikipedia/commons/a/ac/World-airline-routemap-2009.png 
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D. Gubler 

DENV Type Distribution - 2004 
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Case Presentation 
• 18 year old native from Thailand (moved to US at 10 years of age) 

presents in August with 2 days of illness including fever, headache, bone 
pain, and nausea 3 days after returning from a vacation in Puerto Rico. 
You suspect he has a dengue infection. He is tolerating PO intake without 
vomiting and is urinating. Vital signs except for temperature (102.5F) are 
in the range of normal. Mucous membranes are moist, skin turgor is 
normal, abdominal exam is normal, and lungs are clear. A CBC reveals a 
low WBC (3.5k) but otherwise is within normal limits. Electrolytes are 
normal.   
 

• What is the most reasonable initial management strategy? 
 

– 1. treat as outpt, provide NSAIDS, encourage PO fluids  
– 2. treat as inpt, provide 1L NS bolus, monitor in ICU setting 
– 3. treat as outpt, provide acetaminophen, encourage po fluids, F/U 
– 4. treat as inpt, encourage PO fluids, perform q6 hr HCT evaluations 
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http://whqlibdoc.who.int/publications/2009/9789241547871_eng.pdf 
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Dengue Infection  
Clinical Phenotypes 
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1997 WHO dengue fever case definition 

• Probable dengue infection 
– Acute febrile illness and at least 2 of the following: 

• Headache, retro-orbital pain, myalgia, arthralgia, rash, 
hemorrhagic manifestations, and leukopenia 

• Confirmed dengue infection 
– Above + lab confirmation (at least one method below) 

• DENV isolation (blood, autopsy samples) 
• 4 fold rise in IgM or IgG to any of the four DENV 
antigens in paired blood samples 

• Demonstration of DENV antigen (tissue, CSF, serum) 
by ELISA, Immunohistochemistry, 
immunofluorescence 

• PCR +   
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1997 WHO case definition for DHF/DSS 
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2009 WHO dengue case definitions 
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Dengue Clinical and Lab Parameters 

24 hr period around 
defervescence = 
danger period 
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Diagnosing Dengue 
• Maintain high degree of suspicion 

– Geographic location  
– Clustering of cases 

• History and physical 
– Clinical presentation  
– Vital signs (HR, BP, Temp) 
– Dengue tourniquet test (TT) 

• Clinical lab assessment 
– CBC (WBC, HCT, PLT), AST/ALT 

• Dengue tests in US 
– IgM capture ELISA 
– CDC RT-PCR 

• Dengue area, +Clinical, +TT, WBC<5k = High PPV (~70%) 
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Dengue Tourniquet Test 

• Measure BP 
• SBP + DBP / 2 = target insufflation pressure for test 
• Inspect area near antecubital fossa 

– You will assess delta before / after 
• Inflate to target pressure 
• Hold for 5 minutes 
• Remove cuff 
• Reassess antecubital fossa 
• Count # of petechiae in 2.5 cm2 area 
• ≥10 new petechiae is positive 

 
• TT measures capillary fragility, severe disease predictor? 
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Case Presentation 
• 18 year old native from Thailand (moved to US at 10 years of age) 

presents in August with 2 days of illness including fever, headache, bone 
pain, and nausea 3 days after returning from a vacation in Puerto Rico. 
You decide to manage him as an outpatient. He fails to follow up as 
requested but does return day 6 of his illness afebrile with resolution of 
some symptoms but he now has abdominal pain, slight shortness of 
breath, and lethargy.    
 

• What is the most reasonable management strategy at this point? 
– 1. Continue close follow up as outpatient, encourage PO fluid intake, 

this is the natural history of a resolving dengue infection 
– 2. Admit to the hospital, approach as a critically ill patient, this is a 

severe dengue virus infection  
– 3. Admit to the hospital, evaluate for another infectious disease 

process, these new symptoms represent a new medical problem 
– 4. Prescribe doxycycline, he probably has leptospirosis 
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Dengue Treatment 
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• Assess 
• Intervene 
• Re-assess 



UNCLASSIFIED Slide 33 



UNCLASSIFIED Slide 34 

Consider 
occult / overt 
bleed 

• Assess 
• Intervene 
• Re-assess 
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Question 

• A 67 yo male presents with a five-day history of a febrile illness, headache, 
severe abdominal pain, nausea and vomiting, jaundice, leukopenia, and 
thrombocytopenia. He recently immigrated from the U.S. to Peru near the 
Amazon basin. He does not abuse ETOH or use tobacco. He is up to date 
on all immunizations including yellow fever vaccine received 4 days prior to 
onset of symptoms. On admission, his BP was 110/70, HR of 72, a RR of 
20, a temp. of 36°C, and O2 saturation rate of 74% on room air.  
 

• What additional information would most inform your differential diagnosis? 
 

– 1. History of past dengue virus infection 
– 2. History of past yellow fever vaccinations  
– 3. Use of personal protective measures to prevent arthropod exposure 
– 4. Use of malaria prophylaxis 

 Case Report: Richard W. Douce Am. J. Trop. Med. Hyg., 82(4), 2010, pp. 740–742 
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Walter Reed Yellow Fever Commission 
• Experiment summary 

– 14 non-fatal human YF challenge experiments 
– Transmission cycle revealed 
– Reed et al. publish results in JAMA, 1901 
– Army orders Gorgas to complete source reduction 
– In 90 days Havana is free of YF 
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Yellow Fever Virus 
•Virus 

•Flavivirus (YF, JE, WNV, DENV) 
•1 serotype 

•5 genotypes within serotype 
 

•Vector 
•Mosquito (Aedes spp.) 

 
•Phylogenetic analyses 

• Evolved over 3000 yrs  
• YF virus originated in Africa  
• Divided into West and East African lineages  
• W. African lineage  

• Imported into S. America and New World 
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Yellow Fever Risk Map 
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Disease Time-course 

• Incubation period: 3-6 days 
• Symptoms for ~ 3 days (viremia)  
• Defervescence and short term improvement (remission)  
• Fever and symptoms return (intoxication) 
• Improvement (convalescence) 
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Diagnosis 
• Clinical Diagnosis  

– h/o travel to endemic area within the incubation period 
– Consistent clinical picture  

 
• Advanced Diagnostics 

– Virus Isolation (culture) 
– Rapid Diagnostics 

• PCR 
• Antibody or Antigen detection (ELISA) 

– IgM for acute phase, coupled with convalescent 
antibodies (IgM/IgG) 

• Neutralization Ab are more specific for YF 
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Treatment Overview 

• Supportive Care  --  no specific therapy 
– Maintain nutrition and prevent hypoglycemia 
– NG tube to prevent gastric distention 
– Treatment of hypotension (IVF, pressors) 
– Supplemental oxygen 
– Correction of bleeding abnormalities 
– Dialysis 
– Treatment of secondary infections 
– Treatment of DIC 

 
– PROTECT FROM FURTHER MOSQUITO EXPOSURE 

Certain medications should 
be avoided, such as aspirin 
or other non-steroidal anti-
inflammatory drugs (such as 
ibuprofen and naproxen), 
because these may 
increase the risk for 
bleeding. 
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Question 

• A 67 yo male presents with a five-day history of a febrile illness, headache, 
severe abdominal pain, nausea and vomiting, jaundice, leukopenia, and 
thrombocytopenia. On admission, his BP was 110/70, HR of 72, a RR of 20, 
a temp. of 36°C, and O2 saturation rate of 74% on room air. The pt went on 
to develop a YF like illness and died. The final diagnosis is YF vaccine 
associated viscerotropic disease (YF-AVD).    
 

• What represents a know risk factor for development of YF-AVD? 
 

– 1. First time YF vaccine recipient 
– 2. Age greater than 50 years  
– 3. Potential of previous non-YF flavivirus infections (dengue, West nile) 
– 4. Concomitant NSAID use 

 Case Report: Richard W. Douce Am. J. Trop. Med. Hyg., 82(4), 2010, pp. 740–742 
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Yellow Fever Vaccine 17D 

• Has remained in continuous use since 1936 
– Over 500 million doses given 
– Protects 90%/10 days, 99%/30 days 

 
 

• Long-lasting immunity 
– Countries may require boosting every 10 years 
– Studies have shown neutralizing Ab decades after dose 

• 81% of US WWII veterans with Ab after > 30yrs 

1. WHO. The Immunological Basis for Immunization Series. Module 8: Yellow Fever. 
2. Poland JD, Calisher CH, Monath TP. Persistence of neutralizing antibody 30-35 years after 
     immunization with 17D yellow fever vaccine. Bull World Health Organ 1981;59:895-900. 
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Yellow Fever Vaccine Reactions 

• Common 
– Fever, Headache, body aches 5-10 days 
– Injection site inflammation 1-5 days 

 
• Severe 

– Hypersensitivity reactions (including anaphylaxis)  
– YF vaccine-associated neurologic disease (YEL-AND)  
– YF vaccine-associated viscerotropic disease (YEL-AVD) 
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Yellow Fever Vaccine Reactions 
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Yellow Fever Vaccine Reactions 
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Question 
• 50 yo Indian male presents with complaints of 3 days of fever, 

headache, fatigue, rash, and severe joint pains which started 2 days 
after returning from a Caribbean cruise. Vital signs are normal except 
for fever (>102.5F). Exam is normal except for a light erythematous 
rash of the face and trunk which is difficult to appreciate and painful 
ROM of his hands and feet. His right ankle is appears swollen. CBC is 
normal except for lymphopenia. His ESR is in the upper range of 
normal. 
 

• What is a distinguishing clinical feature of this man’s diagnosis? 
– 1. Rash 
– 2. Fatigue 
– 3. Polyarthritis 
– 4. Headache 



UNCLASSIFIED Slide 54 

Chikungunya 
• Virus 

– Family Togaviridae, Genus Alphavirus 
• Mosquito-transmitted  

– Aedes aegypti, Aedes albopictus 
• Emerging and Re-emerging disease 

– Cyclic epidemics, 7-20 yrs between outbreaks 
– Enzootic sylvatic cycle / endemic-epidemic urban cycle 

• Phylogenetic groups 
– West African, Asian, Eastern/Central Africa  
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Historic Movement of Chikungunya 
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Clinical Manifestations  

• Majority of infected people become symptomatic  
• Incubation period usually 3–7 days (range 1–12 days)  
• Acute onset of fever and polyarthralgia 
• Joint symptoms usually symmetric 

– Hands and feet 
– Can be severe and debilitating  

• Headache, myalgia, arthritis, conjunctivitis, 
nausea/vomiting, maculopapular rash  

• Lymphopenia, thrombocytopenia, elevated creatinine, 
and elevated hepatic transaminases 
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Clinical Manifestations  
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Clinical Manifestations - Rash 
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Chikungunya vs. Dengue 
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Diagnosis 

• Confirming a recent CHIKV infection: 
– Isolation of CHIKV, confirmatory identification (IFA, RTPCR, sequencing). 
– Detection of CHIKV RNA by real time RT-PCR. 
– Identification of a positive IgM result + acute symptoms, followed by the 

demonstration of CHIKV-specific antibody determined by PRNT with viruses 
in the SFV serogroup. 

– Seroconversion or a four-fold rise in PRNT, HI, or ELISA titers 
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Treatment 

• No specific antiviral therapy; treatment is symptomatic  
• Assess hemodynamic status and provide supportive care 
• Evaluate for other serious conditions and treat appropriately  
• Collect specimens for diagnostic testing  
• Acetaminophen or paracetamol for initial fever and pain 
• Consider using narcotics or NSAIDs  
• If the patient may have dengue, do not use aspirin or other 

NSAIDs (e.g., ibuprofen, naproxen, toradol) until they have 
been afebrile ≥48 hours and have no warning signs for 
severe dengue  
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Question 
• 50 yo Indian male presents with complaints of 3 days of fever, headache, 

fatigue, rash, and severe joint pains which started 2 days after returning 
from a Caribbean cruise. You diagnose an acute chikungunya infection 
and treat with reassurance, rest, and NSAIDS. You see him again in 2 
days and he is no longer febrile and feeling overall improved. You 
recommend continued rest and gradual return to normal ADLs. In 6 months 
the patient calls you complaining of persistent hand pain and limited ROM. 
He states his fingers feel swollen. The condition is impacting his quality of 
life and he requests a prescription for narcotics. He asks if “chik” can be 
chronic. 
 

• What is the most accurate response? 
– 1. No, it is an acute infection like dengue, this is a new process 
– 2. Yes, but symptoms usually resolve in <3 months  
– 3. Yes, but not manifesting with joint problems 
– 4. Yes, long term (years) joint and tendon issues have been reported 
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Atypical Clinical Manifestations 
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Persistent Chikungunya 

 
Three clinical components, singly / in combination: 
 
1. Distal polyarthritis / monoarthritis improved with NSAIDs;  
2. Frequent tenosynovitides in the hands, wrists, or ankles, 

sometimes responsible for carpal or tarsal tunnel 
syndromes, highly sensitive to short-term systemic 
corticotherapy; and  

3. Exacerbation of pain in previously injured joints and 
bones requiring painkillers. 
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Persistent Chikungunya 
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Calcifications in shoulder 
tendon 18 months after 

infection  
 

Inflammatory osteoarthritis, 
foot, 5 years after infection 

 

Persistent Chikungunya 
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Question 

• A 43 yo male is traveling on business throughout Southeast Asia. 
He will be traveling for 3 weeks (August) staying in hotels located in 
major urban centers. Tourist activities are planned in rural areas in 
Northern Thailand, Viet Nam and Cambodia. Activities will include 
elephant treks, river rafting, and camping. He inquires about a 
vaccine to prevent a “brain infection” you get from mosquitoes.    
 

• What is your guidance regarding Japanese encephalitis risk? 
– 1. Moderate risk, especially in rural areas with mosquitoes. 
– 2. Low risk, he is traveling during the low season for JE. 
– 3. Moderate risk, especially in urban  areas with mosquitoes. 
– 4. Low risk, there is no JE in the areas he is traveling. 
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Japanese Encephalitis 
• Virus 

– Family Flaviviridae, Genus Flavivirus  
• Most common viral encephalitis etiology worldwide 

– 160,000 cases 1966, 16,000 in 1996 (vaccination) 
– Annual estimate is > 50K cases (2.5 cases/10,000 pop.) 

• Risk of JE following infection 
– ~1/200 in indigenous pop.; ~1/25-50 in foreign born 

• Primarily a disease of children 
– Naïve adults at similar risk (i.e., travelers, military) 

• Disease has high mortality, morbidity 
– CFR ~25 -30% 
– Long-term neuropsychiatric disability 45 - 50% 
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Transmission 

• Vector: Culex mosquitoes 
– Culex tritaeniorhynchus 

• Breeds in marshes, rice paddies 
• Night-biting 

 
• Zoonotic amplification 

– Domestic pigs 
– Migratory waterfowl 

 
• Seasonal/climate factors 

– Summertime / post-rainy season 
• Increased vector number 
• Increased feeding behaviors 
• Increased viral replication 
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Japanese Encephalitis 



UNCLASSIFIED Slide 73 

Clinical Findings 
• Incubation period 4 – 14 days 
• Earliest symptoms 

– Lethargy, fever, headache, abdominal pain, N & V 
• Over several days 

– Lethargy >, agitated delirium, unsteadiness, and 
abnormal motor movements → somnolence / coma 

• Some have sudden convulsion after a brief febrile illness 
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Clinical Findings 
• High fever and altered consciousness 

– Mild disorientation, subtle personality change, severe 
state of confusion, delirium, and coma 

• Nuchal rigidity is a variable finding (1/3 – 2/3 of cases) 
• CN palsies, facial paralysis, disconjugate gaze (1/3 of cases) 
• Muscular weakness 

– Distributions of flaccid / spastic paralysis 
– Hemiparesis  
– Increased or decreased tone 
– Generalized or asymmetrical 
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Clinical Findings 
• Hyperreflexia, ankle clonus, and other abnormal reflexes 

 
• Disordered movements 

– Flailing, ataxia, tremor, choreoathetosis, rigidity, masked 
facies, and other extrapyramidal signs 

 
• Seizures 

– Focal or generalized  
– 85% peds 
– 10% adults 
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Lab and Imaging 
• Peripheral leukocytosis, up to 30k/mm3 with a left shift 
• Hyponatremia 
• CSF 

– Opening Pressure > in ~ 50% 
– Pleocytosis <10 to several thousand cells (lymphocytic) 
– Protein may be normal or elevated up to 100 mg/dL 

• EEG 
– Diffuse slow waves (theta or delta), seizure activity, 

periodic lateralized epileptiform discharges (PLEDS) 
• EMG 

– Chronic partial denervation, anterior horn cell destruction 
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Lab and Imaging 
• Imaging 

– Diffuse white matter edema and abnormal signals 
– Thalamus, basal ganglia, cerebellum, midbrain, pons, cord 

 

A, Coronal T2-weighted image, bilateral hippocampal body involvement (black arrows). Note 
bilateral thalamic and substantia nigra involvement (white arrows).;  B, Axial T2-weighted 
image shows bilateral hippocampal tail involvement (arrows).; C, Axial CT scan done at the 
same time as A and B shows hypoattenuated left mesial temporal lobe lesion. Note 
resemblance to Herpes simplex virus encephalitis.  

Handique S et al. AJNR Am J Neuroradiol 2006;27:1027-1031 
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Question 
• A 43 yo male is traveling on business throughout Southeast Asia. He will 

be traveling for 3 weeks (August) staying in hotels located in major urban 
centers. Tourist activities are planned in rural areas in Northern Thailand, 
Viet Nam and Cambodia. Activities will include elephant treks, river 
rafting, and camping. You explain the risk of JE is moderate and believe 
he should consider vaccination. He produces his medical record 
indicating he received  2 doses of a JE  vaccine 5 years ago. He asks if 
he needs to repeat the entire vaccination series?   
 

• What is your guidance? 
– 1. Two doses is sufficient, he does not need to be re-vaccinated  
– 2. Two doses was not sufficient, he needs to start the series again, 

three doses over a 28 day period and use PPMs in country 
– 3. Two doses was not sufficient, he needs to  start a series again 

with two doses over a 28 day period and use PPMs in country 
– 4. There is no US FDA approved JE vaccine, he is limited to PPM  
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Prevention 
• Vector control – difficult in endemic regions 

– Twilight-biting, marsh-breeding mosquitoes 
– Impractical, historically ineffective 

 
• Reservoir control – difficult in endemic regions 

– Swine  
• Segregation impractical  
• Vaccination expensive 

 
• Vaccination 

– Mass pediatric vaccinations 
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JE Vaccines 

 Live, attenuated SA 14-14-2 vaccine 
 Produced and used successfully in China for > 20 years 

 
 Inactivated vero-cell derived JEV (Biken, Kaketsuken) 

 Inactivated Beijing JEV grown on Vero cells 
 

 ChimeriVax-JE vaccine (Acambis/sanofi pasteur)  
 Live, recombinant vaccine (based on Yellow Fever 17D)  

 
 Ixiaro (Intercell/Novartis/Biological E) 

 Inactivated vaccine  
 Derived from SA-14-14-2 JEV cultured in Vero cells 
 2 doses at day 0 and day 28 
 Licensed in US for adult use 2009 
 US licensure for pediatric use, May 2013 
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IXIARO® 
Manufacturer’s FDA-approved labeling 

• Indication: 2 months of age and older 
• Dosing 

– 0.5 mL single dose syringes 
– 2 months to <3 years of age, a single dose is 0.25 mL 
– 3 years of age and older, a single dose is 0.5 mL 

• Contraindications 
– Severe allergic reaction (e.g, anaphylaxis) after a previous 

dose of IXIARO, any other JE vaccine, or any component of 
IXIARO, including protamine sulfate 

• Adverse Events 
– Injection-site pain (15%), redness (15%), fever (>10-20%), 

irritability (>15%), diarrhea (>10%), headache (>20%) and 
myalgia (>10%) 
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https://www.novartisvaccinesdirect.com/Ixi
aro/IxiaroDosingAdministration 
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A Single Dose of Vero Cell–Derived Japanese Encephalitis (JE) Vaccine (Ixiaro) Effectively 
Boosts Immunity in Travelers Primed With Mouse Brain–Derived JE Vaccines 

Erra, et al. Clin Infect Dis. 2012 September 15; 55(6): 825–834.  

Response Rate  
After 1 Dose of JE-VCa 

Protection Rate  
After 1 Dose of JE-VCb 

Geometric Mean Titers 
After 1 Dose of JE-VCb 

Nonprimed Primed Nonprimed Primed Nonprimed Primed 

PRNT  
Nakayama 39% (10/26) 98% (41/42) 40% (10/25) 100% (17/17) <10 236 

PRNT  
SA14-14-2 42% (11/26) 95% (40/42) 40% (10/25) 100% (17/17) 12 236 
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Questions? 
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