
Morbidity and Mortality Weekly Report
Recommendations and Reports / Vol. 70 / No. 6 December 17, 2021 

U.S. Department of Health and Human Services
Centers for Disease Control and Prevention

Dengue Vaccine: Recommendations of the 
Advisory Committee on Immunization Practices,  

United States, 2021



The MMWR series of publications is published by the Center for Surveillance, Epidemiology, and Laboratory Services, Centers for Disease Control and Prevention (CDC), 
U.S. Department of Health and Human Services, Atlanta, GA 30329-4027.
Suggested citation: [Author names; first three, then et al., if more than six.] [Title]. MMWR Recomm Rep 2021;70(No. RR-#):[inclusive page numbers].

Centers for Disease Control and Prevention
Rochelle P. Walensky, MD, MPH, Director

Debra Houry, MD, MPH, Acting Principal Deputy Director
Daniel B. Jernigan, MD, MPH, Deputy Director for Public Health Science and Surveillance

Rebecca Bunnell, PhD, MEd, Director, Office of Science
Jennifer Layden, MD, PhD, Deputy Director, Office of Science

Michael F. Iademarco, MD, MPH, Director, Center for Surveillance, Epidemiology, and Laboratory Services 

MMWR Editorial and Production Staff (Serials)
Charlotte K. Kent, PhD, MPH, Editor in Chief 

Christine G. Casey, MD, Editor
Mary Dott, MD, MPH, Online Editor

Terisa F. Rutledge, Managing Editor
David C. Johnson, Lead Technical Writer-Editor

Marella Meadows, Project Editor

Martha F. Boyd, Lead Visual Information Specialist
Alexander J. Gottardy, Maureen A. Leahy,

Julia C. Martinroe, Stephen R. Spriggs,Tong Yang,
Visual Information Specialists

Quang M. Doan, MBA, Phyllis H. King, 
Terraye M. Starr, Moua Yang,

Information Technology Specialists 

MMWR Editorial Board
Timothy F. Jones, MD, Chairman

Matthew L. Boulton, MD, MPH
Carolyn Brooks, ScD, MA 

Jay C. Butler, MD 
Virginia A. Caine, MD 

Jonathan E. Fielding, MD, MPH, MBA
David W. Fleming, MD 

William E. Halperin, MD, DrPH, MPH
Jewel Mullen, MD, MPH, MPA

Jeff Niederdeppe, PhD
Celeste Philip, MD, MPH

Patricia Quinlisk, MD, MPH 
Patrick L. Remington, MD, MPH 

Carlos Roig, MS, MA
William Schaffner, MD 

Nathaniel Smith, MD, MPH
Morgan Bobb Swanson, BS

Abbigail Tumpey, MPH

Ian Branam, MA, 
Acting Lead Health Communication Specialist

Shelton Bartley, MPH, Leslie Hamlin,
Lowery Johnson, Amanda Ray,

 Health Communication Specialists
Will Yang, MA,

Visual Information Specialist

Recommendations and Reports

CONTENTS

Introduction ............................................................................................................1

Methods ....................................................................................................................4

Summary of Findings ...........................................................................................5

Modeling and Cost-Effectiveness ....................................................................7

Recommendations for the Prevention of Dengue Among the 

Selected Pediatric Population ........................................................................8

Clinical Guidance for Dengue Vaccination Among the Selected 

Pediatric Population ..........................................................................................8

CDC Guidance on Dengue Prevaccination Screening Tests Among 

the Selected Pediatric Population ................................................................9

Future Research .................................................................................................. 12

References ............................................................................................................. 12

CDC Adoption of ACIP Recommendations for MMWR 
Recommendations and Reports, MMWR Policy Notes, and 

Immunization Schedules (Child/Adolescent, Adult)

Recommendations for routine use of vaccines for children, 
adolescents, and adults are developed by the Advisory 
Committee on Immunization Practices (ACIP). ACIP is 
chartered as a federal advisory committee to provide expert 
external advice and guidance to the Director of CDC on 
use of vaccines and related agents for the control of vaccine-
preventable diseases in the civilian population of the United 
States. Recommendations for routine use of vaccines for 
children and adolescents are harmonized to the greatest 
extent possible with recommendations made by the American 
Academy of Pediatrics (AAP), the American Academy of Family 
Physicians (AAFP), the American College of Obstetricians 
and Gynecologists (ACOG), and the American College of 
Nurse-Midwives (ACNM). Recommendations for routine use 
of vaccines for adults are harmonized with recommendations 
of the American College of Physicians (ACP), AAFP, ACOG, 
and ACNM. ACIP recommendations approved by the CDC 
Director become agency guidelines on the date published in the 
Morbidity and Mortality Weekly Report (MMWR). Additional 
information is available at https://www.cdc.gov/vaccines/acip.

https://www.cdc.gov/vaccines/acip
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Summary

Dengue is a vectorborne infectious disease caused by dengue viruses (DENVs), which are predominantly transmitted by Aedes 
aegypti and Aedes albopictus mosquitos. Dengue is caused by four closely related viruses (DENV-1–4), and a person can be 
infected with each serotype for a total of four infections during their lifetime. Areas where dengue is endemic in the United States 
and its territories and freely associated states include Puerto Rico, American Samoa, the U.S. Virgin Islands, the Federated States 
of Micronesia, the Republic of Marshall Islands, and the Republic of Palau. This report summarizes the recommendations of the 
Advisory Committee on Immunization Practices (ACIP) for use of the Dengvaxia vaccine in the United States. The vaccine is 
a live-attenuated, chimeric tetravalent dengue vaccine built on a yellow fever 17D backbone. Dengvaxia is safe and effective in 
reducing dengue-related hospitalizations and severe dengue among persons who have had dengue infection in the past. Previous 
natural infection is important because Dengvaxia is associated with an increased risk for severe dengue in those who experience their 
first natural infection (i.e., primary infection) after vaccination. Dengvaxia was licensed by the Food and Drug Administration for 
use among children and adolescents aged 9–16 years (referred to in this report as children). ACIP recommends vaccination with 
Dengvaxia for children aged 9–16 having evidence of a previous dengue infection and living in areas where dengue is endemic. 
Evidence of previous dengue infection, such as detection of anti-DENV immunoglobulin G with a highly specific serodiagnostic 
test, will be required for eligible children before vaccination.

Introduction
Dengue is a vectorborne infectious disease caused by dengue 

viruses (DENVs), which are predominantly transmitted by 
Aedes aegypti and Aedes albopictus mosquitos. DENVs are 
members of the genus flavivirus in the family flaviviridae. The 
four dengue virus serotypes (DENV-1, DENV-2, DENV-3, 
and DENV-4) all circulate globally, and most countries 
where dengue is endemic have reported circulation of all four 
serotypes. These serotypes share structural antigens yet are 
serologically and genetically distinct.

Dengue is a growing public health challenge (1,2). 
Dengue is endemic throughout the tropics and subtropics, 
with an estimated 3.8 billion persons (95% confidence 
interval [CI]: 3.5 billion–4.1 billion), or approximately 
53% of the global population, living in areas suitable 
for DENV transmission (3). The majority of these areas 
are in Asia, Africa, and the Americas (3). In 2013, an 
estimated 58 million symptomatic DENV infections 

Corresponding author: Gabriela Paz-Bailey, Division of Vector-Borne 
Diseases, National Center for Emerging and Zoonotic Infectious 
Diseases, CDC. Phone: 404-639-4451; Email: gmb5@cdc.gov.

(95% CI: 24 million–122 million) and 13,586 deaths occurred 
worldwide (95% CI: 4,200–34,700), resulting in a total annual 
cost of $8.9 billion (95% CI: $3.7 billion–$19.7 billion) 
in direct medical and nonmedical costs and indirect costs 
associated with time lost because of illness, care, or death (1,2).

Pathogenesis
Dengue can be caused by any one of the four distinct but 

related viruses, and a person can be infected with each serotype 
for a total of four dengue infections during their lifetime 
(4). After an infection with one DENV serotype, antibodies 
induced are type specific and cross-react with other DENV 
serotypes (4). The adaptive immune response that develops 
with infection by any DENV provides long-term immunity 
to the homologous virus and short-lived protection against 
heterologous DENV. Human experimental infection studies 
indicated that this cross-protection lasts approximately 
3 months (5,6), whereas epidemiologic observations suggest 
that cross-protection might last up to 2 years (7,8). The risk 
for severe dengue varies on the basis of many factors, including 
the number of previous dengue infections a person has had. 
Whereas any dengue infection can lead to severe dengue, a 
second infection with a dengue virus is the most likely to cause 
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severe dengue compared with the first and post-secondary 
infections (9,10). Multiple mechanisms likely contribute to 
increased disease severity during a second DENV infection. 
Cross-reactive or non-neutralizing antibodies binding to 
a heterologous DENV facilitates uptake in Fc receptor–
bearing monocytes and results in both higher magnitude and 
prolonged viremia (i.e., antibody-dependent enhancement). 
Moreover, virus-host interactions during antibody-dependent 
enhancement enable the virus to evade host antiviral and 
immune responses that would otherwise limit infection (11).

An accompanying enhanced immune response also occurs 
in which activated natural killer cells and memory T-cells 
trigger inflammatory mediators that contribute to intravascular 
leakage (12). The dengue nonstructural protein 1 (NS1) is 
secreted from infected cells and is independently associated 
with vascular leakage by damaging the endothelial glycocalyx 
and disrupting endothelial cell junctions. This phenomenon 
might be worsened during a second infection in association 
with increased viremia (13). Although this risk for severe 
dengue is highest for a second infection with a different DENV 
serotype, it can occur after post-secondary infection. Previous 
infection with Zika virus (another flavivirus commonly 
co-circulating in areas where dengue is endemic) has been 
demonstrated to increase the risk for symptomatic and severe 
dengue for subsequent DENV-2 infections occurring several 
years after Zika infection (14). Interactions between dengue 
and other flaviviruses are less clear (15,16).

Dengue Clinical Disease
Dengue clinical disease ranges from a mild, undifferentiated 

febrile illness to severe disease complicated by shock, bleeding, 
or severe organ impairment. Approximately 75% of dengue 
infections are mild or asymptomatic (17). The most common 
presentation of symptomatic disease is sudden onset of fever 
accompanied by headache, retro-orbital pain, generalized 
myalgia and arthralgia, flushing of the face, anorexia, 
abdominal pain, and nausea. A generalized erythematous, 
macular rash developing within 3–4 days of fever onset 
frequently is observed. Laboratory-detected findings can 
include leukopenia, hemoconcentration, transaminitis, and 
thrombocytopenia. The World Health Organization (WHO) 
classifies dengue illness as 1) dengue with or without warning 
signs for progression toward severe dengue and 2) severe dengue 
(18). Warning signs of severe dengue include abdominal 
pain or tenderness, persistent vomiting, clinical fluid 
accumulation (e.g., ascites, pericardial effusion, and pleural 
effusion), mucosal bleeding, lethargy or restlessness, postural 
hypotension, liver enlargement of >2 cm, or an increased 
hematocrit level concurrent with a rapid decrease in platelet 

count (18). Criteria for the case definition of severe dengue 
include any sign of severe plasma leakage leading to shock or 
fluid accumulation with respiratory distress, severe bleeding, 
or severe organ impairment.

Patients with severe dengue need in-hospital medical treatment 
to mitigate poor clinical outcomes commonly due to vascular 
permeability, which results in plasma leakage and leads to 
hypovolemic shock or clinically significant ascites or pleural 
effusions, and less commonly, to severe bleeding due to various 
host or viral factors (19). Because of the risk for complications 
due to plasma leakage and bleeding, severe dengue requires 
monitoring and treatment in intensive care settings. Although 
rare, dengue can affect the liver, heart, central nervous system, 
kidneys, eyes, muscles, or bone marrow (4,20,21). These severe 
manifestations of dengue carry a high risk for death and must be 
recognized and appropriately managed in a timely manner. Age, 
comorbidities, host genetics, and the infecting virus strain are risk 
factors for severe dengue, and heterotypic secondary infections 
are the most prominent factor associated with severe dengue (4).

Dengue Treatment
No effective antiviral treatments against dengue are available; 

therefore, the mainstay for preventing severe disease and 
death is timely and supportive management with volume 
replacement, particularly among patients with severe dengue. 
The case-fatality ratio for severe dengue has been reported to be 
as high as 13% (22,23) and can be <1% with access to timely 
diagnosis and appropriate treatment (24,25).

Dengue Immune Response and 
Diagnostics

Typically, immunoglobulin M (IgM) antibodies directed 
against DENV develop during the first week of illness (26) and 
persist for several months to as long as 1 year (27). Neutralizing 
antibodies develop shortly after IgM antibodies and consist 
primarily of immunoglobulin G (IgG) antibodies. Type-specific 
neutralizing antibodies persist for many years after dengue 
and other flavivirus infections (e.g., Zika) and usually confer 
lifelong immunity to the infecting virus serotype (28). In persons 
previously infected with or vaccinated against a flavivirus, 
subsequent infection with another flavivirus (i.e., second 
flavivirus infection) can cause both a diminished IgM response 
and a rapid increase to high titers of neutralizing antibodies 
against multiple different flaviviruses, which might prevent 
conclusive determination of which virus was responsible for the 
person’s recent infection using serological methods (29).

Acute dengue diagnosis can be achieved using blood or serum 
collected ≤7 days after symptom onset by detection of viral 
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RNA through nucleic acid amplification tests, by detection 
of viral antigens such as dengue NS1 by enzyme-linked 
immunosorbent assay (ELISA) or rapid diagnostic tests, and by 
detection of IgM antibodies through serologic testing. Dengue 
IgM antibodies start to increase from day 4, with levels peaking 
between days 10–14 and then declining. In primary dengue 
infections (i.e., first infection), anti-dengue IgG can be detected 
at low concentrations by the end of the first week of illness; 
the antibody concentration increases slowly thereafter and is 
thought to persist for life. In patients with a previous dengue 
infection (i.e., had dengue at least once before), anti-dengue 
IgG titers rise rapidly within the first week of illness (30).

Cross-reactivity with Zika virus is reported for all serological 
assays. Plaque reduction neutralization tests (PRNTs) are 
quantitative assays that can measure virus-specific neutralizing 
antibody titers for dengue, Zika, and other flaviviruses to which 
the patient might have been exposed. For diagnostic testing, 
CDC uses a PRNT with 90% reduction in the input virus 
(PRNT90) with a cutoff value titer of ≥10 in serum to define 
positive specimens (30). PRNTs can resolve false-positive IgM 
antibody results caused by nonspecific reactivity in primary 
infections and, in certain cases, can help identify the infecting 
virus, particularly in specimens collected ≥3 months after illness 
onset. However, in many dengue secondary infections, patients 
have neutralizing antibody titers that do not allow previous 
DENV and Zika virus infections to be distinguished (30).

Dengue Prevention
Ae. aegypti, the main vector of dengue, has proven difficult to 

control and continues to expand its geographic range. Control of 
Ae. aegypti is complicated by cryptic and inaccessible breeding sites 
that make it difficult to locate and control a large proportion of the 
targeted mosquito population (31,32). Furthermore, insecticide 
resistance to Ae. aegypti is widespread (33,34). New regulatory 
requirements have resulted in discontinuation of some insecticides 
and greater difficulty in registering new chemicals. Ae. aegypti is 
resistant to all commonly used insecticides in Puerto Rico (35,36). 
Successful broad-scale application of integrated vector control 
management strategies have been difficult to achieve and sustain. 
The dichlorodiphenyltrichloroethane (DDT) spraying campaign 
in the 1950s and 1960s across Central and South America 
nearly eradicated Ae. aegypti from the region (37), resulting in 
substantial reductions in disease caused by DENV and yellow 
fever virus (38,39). Cuba experienced a substantial reemergence of 
dengue, leading to a concerted vector control effort that included 
community mobilization and source reduction and resulted in 
reductions in the per capita risk for dengue (40). However, because 
of the high cost, such achievements are rare, and their impact in 
controlling mosquito populations is transient.

Dengue in the U.S. Territories and Freely 
Associated States

Areas where dengue is endemic in the United States and 
its territories and freely associated states include Puerto Rico, 
American Samoa, the U.S. Virgin Islands, the Federated 
States of Micronesia, the Republic of Marshall Islands, and 
the Republic of Palau (41). Areas where dengue is endemic 
are defined as areas with frequent or continuous dengue 
transmission, with evidence of >10 dengue cases in at least three 
of the previous 10 years. Dengue epidemics occur in a cyclical 
pattern every 3–7 years, with all four DENV serotypes reported 
in the Pacific Islands and in the Caribbean. Of areas where 
dengue is endemic, Puerto Rico, the U.S. Virgin Islands, and 
American Samoa report dengue cases to ArboNET (Table 1). 
Limited surveillance data are available from the Federated 
States of Micronesia, the Republic of Marshall Islands, and 
the Republic of Palau.

Approximately 90% of the population at risk for dengue in 
the U.S. territories and freely associated states live in Puerto 
Rico. During 2010–2020, approximately 95% of locally 
acquired dengue cases in the United States (n = 31,289) 
occurred in Puerto Rico (n = 29,779). During the same period, 
the greatest number of cases and hospitalizations in Puerto Rico 
occurred among persons aged 10–19 years, with approximately 
11,000 reported cases and 4,000 hospitalizations. Incidence 
rates also are highest among this age group, ranging from 1 
to 7 per 1,000 persons during the most recent outbreak years 
(2010–2013) based on 2010 census data (https://www.cdc.gov/
dengue/statistics-maps/2020.html and https://www.census.
gov/data/tables/time-series/demo/popest/2010s-detail-puerto-
rico.html). In contrast, during 2010–2020 most dengue deaths 
in Puerto Rico (88%; 61 of 69) occurred among persons aged 
20–89 years (CDC, unpublished data, 2020).

Similar to Puerto Rico, during 2010–2020, persons aged 
10–19 years experienced the highest dengue incidence and 
accounted for the largest number of dengue cases in the U.S. 
Virgin Islands and American Samoa (https://www.cdc.gov/
dengue/statistics-maps/2020.html). Dengue outbreaks were 
reported from the Federated States of Micronesia in 2011, 
2012–2013, 2016, and 2019–2020. In the last outbreak, most 
cases occurred among persons aged 5–19 years (42). Outbreaks 
also were reported from the Republic of Marshall Islands during 
2019–2020 and the Republic of Palau in 2019. Guam and the 
Northern Mariana Islands have reported sporadic and travel-
associated (imported) dengue cases but do not meet the criteria 
for areas where dengue is endemic (43). Hawaii, Texas, Florida, 
and other states have reported sporadic, locally acquired cases and 
occasional outbreaks but do not meet the definition of endemic 

https://www.cdc.gov/dengue/statistics-maps/2020.html
https://www.cdc.gov/dengue/statistics-maps/2020.html
https://www.census.gov/data/tables/time-series/demo/popest/2010s-detail-puerto-rico.html
https://www.census.gov/data/tables/time-series/demo/popest/2010s-detail-puerto-rico.html
https://www.census.gov/data/tables/time-series/demo/popest/2010s-detail-puerto-rico.html
https://www.cdc.gov/dengue/statistics-maps/2020.html
https://www.cdc.gov/dengue/statistics-maps/2020.html
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TABLE 1. Reported dengue cases in selected U.S. territories where dengue is endemic — ArboNET, 2010–2020

Year

Puerto Rico U.S. Virgin Islands American Samoa

No. of cases Rate* No. of cases Rate* No. of cases Rate*

2010 10,911 2.9 0 0.0 0 0.0
2011 1,541 0.4 0 0.0 0 0.0
2012 6,025 1.6 142 1.3 0 0.0
2013 9,710 2.6 174 1.6 0 0.0
2014 527 0.1 18 0.2 0 0.0
2015 58 0.0 3 <0.1 0 0.0
2016 204 0.1 11 0.1 1 0.0
2017 11 0.0 1 0.0 508 9.2
2018 3 0.0 0 0.0 150 2.7
2019 76 0.0 3 0.0 0 0.0
2020 772 0.2 0 0.0 0 0.0
Total 29,838 0.8 352 0.3 659 1.1

* Per 1,000 population, per year. Rates were calculated using 2010 Census data (https://www.census.gov/data/tables/time-series/demo/popest/2010s-detail-puerto-
rico.html, https://www.census.gov/data/datasets/2010/dec/virgin-islands.html; and https://www.census.gov/data/datasets/2010/dec/american-samoa.html).

areas (43,44). During 2010–2017, Hawaii reported 250 locally 
acquired dengue cases, Florida 103, and Texas 24 (44).

Population-based dengue seroprevalence data are not available 
from any of the U.S. areas where dengue is endemic. However, 
small convenience studies estimated dengue seroprevalence in 
Puerto Rico to range from 50% in 2007 (45) to 56% in 2010 
among participants aged 9–16 years in vaccine trials (46). 
Preliminary results from a community-based study in 2018 
in southern Puerto Rico suggested similar seroprevalence in 
this age group (CDC unpublished data, 2021).

Dengue Vaccines
Dengvaxia is a live-attenuated, chimeric tetravalent dengue 

vaccine built on a yellow fever 17D backbone. WHO 
recommends Dengvaxia for persons aged 9–45 years with 
confirmed previous DENV infection (47). Dengvaxia is licensed 
in 20 countries. The recommendation is only for persons with 
confirmed previous DENV infection because the vaccine 
manufacturer, Sanofi Pasteur, announced that persons not 
previously infected with DENV who receive Dengvaxia might 
be at risk for developing severe dengue if they are infected with 
DENV after being vaccinated (48). In May 2019, Dengvaxia 
was approved by the Food and Drug Administration (FDA) for 
use in children and adolescents aged 9–16 years (referred to in 
this report as children) living in an area where dengue is endemic 
and having had laboratory-confirmed previous DENV infection. 
Multiple dengue vaccine candidates are in clinical development. 
Two live-attenuated, tetravalent vaccine candidates are under 
evaluation in phase 3 trials (49,50).

Before Dengvaxia received FDA approval, the Advisory 
Committee on Immunization Practices (ACIP) had no 
recommendations for the use of vaccines to prevent dengue. 
This report provides ACIP recommendations for use of 
Dengvaxia for children aged 9–16 living in areas where 

dengue is endemic and having evidence of a previous DENV 
infection. These recommendations are intended to guide 
public health practitioners and laboratorians in designing and 
testing vaccination strategies in jurisdictions where DENV 
transmission is endemic.

Methods
The Dengue Vaccines Work Group met bimonthly from 

October 2018 through April 2021 to review Dengvaxia data 
from clinical trials. The work group comprised ACIP members, 
including the chair; the CDC lead from the Division of 
Vector-Borne Disease’s Dengue Branch; experts in dengue 
and flavivirus epidemiology and vaccinology; representatives 
of the American Academy of Pediatrics and the Association 
of Immunization Managers; ex-officio representatives from 
the FDA, the U.S. Department of Defense, and the National 
Institute of Allergy and Infectious Diseases; and CDC observers 
from the National Center for Immunization and Respiratory 
Diseases, the Division of Global Migration and Quarantine, 
the Division of Healthcare Quality Promotion, and the 
Division of Vector-Borne Diseases.

Using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach (51), the 
work group defined the research question (i.e., the patient, 
intervention, comparator, and outcome question), identified 
critical patient-centered outcomes, systematically reviewed 
the evidence, assessed the certainty of the evidence, and 
developed policy options for ACIP’s consideration. The 
work group identified prevention of the following critical 
outcomes as benefits: development of virologically confirmed 
dengue (VCD) (e.g., using a reverse transcription–polymerase 
chain reaction [RT-PCR] test), severe dengue, and dengue 
hospitalizations. Outcomes that were considered critical for 

https://www.census.gov/data/tables/time-series/demo/popest/2010s-detail-puerto-rico.html
https://www.census.gov/data/tables/time-series/demo/popest/2010s-detail-puerto-rico.html
https://www.census.gov/data/datasets/2010/dec/virgin-islands.html
https://www.census.gov/data/datasets/2010/dec/american-samoa.html
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harms included serious adverse events, hospitalization, severe 
dengue, and death.

To develop a recommendation using the Evidence to 
Recommendations Framework (EtR), the work group, 
assisted by technical experts, reviewed dengue epidemiology, 
immunology, and pathogenesis; clinical manifestations 
and management; laboratory diagnostics, including 
prevaccination screening issues associated with dengue anti-
IgG antibody testing; cost-effectiveness; vaccine programmatic 
implementation and acceptability in Puerto Rico; and health 
equity issues. Details on the systematic review search and 
inclusion criteria, summaries of the evidence, and GRADE 
evidence profiles and the EtR framework are available at 
https://wwwdev.cdc.gov/vaccines/acip/recs/grade/CYD-
TDV-dengue-vaccine-etr.html and https://wwwdev.cdc.gov/
vaccines/acip/recs/grade/CYD-TDV-dengue-vaccine.html. 
ACIP voting members approved vaccination recommendations 
for children aged 9–16 years with laboratory-confirmed 
previous DENV infection living in areas of the United States 
where dengue is endemic.

Summary of Findings
Background

Dengvaxia is a prophylactic, tetravalent, live-attenuated, 
chimeric viral vaccine built on a yellow fever 17D backbone 
(52,53). The vaccine includes precursor membrane and 
envelope genes obtained from each of the four DENV 
serotypes. Dengvaxia contains four genetic constructs, one 
for each serotype. The phase 3 randomized, observer-blind, 
placebo-controlled studies that evaluated efficacy were CYD14 
and CYD15. CYD14 included children aged 2–11 years from 
11 study sites across the Asia Pacific region, with a total sample 
size of 10,275 randomized 2:1 to Dengvaxia and placebo. 
Approximately 2,000 participants who received the vaccine had 
serostatus determined at baseline. CYD15 included children 
aged 9–16 years from 22 study sites across Latin America, for a 
total sample size of 20,869. Approximately 2,000 participants 
who received the vaccine had serostatus determined at baseline. 
Three doses of the Dengvaxia vaccine were administered at 
0 months, 6 months, and 12 months. Vaccine efficacy against 
VCD was assessed up to 25 months after vaccination, when the 
active phase of the trial ended. The studies included continued 
monitoring of the risk for hospitalization and severe dengue 
for up to 6 years after the first dose of vaccine during the 
hospitalization phase (52,53).

Efficacy results from the phase 3 trials demonstrated 
excess hospitalizations for dengue among vaccine recipients 
aged 2–5 years. Efficacy by dengue serostatus could not be 

ascertained because of the limited sample size with serostatus 
at baseline. Sanofi Pasteur developed a NS1 IgG ELISA and 
used subjects’ samples obtained from month 13 to infer 
their serostatus in a post hoc analysis of safety and efficacy. 
All cases of VCD, hospitalization, and severe dengue were 
included, and 10% of participants were randomly selected 
after stratifying by age and site. The supplemental study used 
different analytical methods, including multiple imputation 
(MI), targeted minimum loss-based estimator (TMLE), and 
the NS1 antibody test results from month 13. Vaccine efficacy 
was assessed from month 0 onward using MI and TMLE and 
from month 13 onward using NS1 test results. Results are 
presented based on the MI results, and efficacy was similar 
with the NS1 and TMLE approaches (48).

Vaccine Efficacy
Vaccine efficacy against VCD in the per protocol analyses 

evaluated incidence after completion of the 3-dose schedule and 
up to 25 months of follow-up. Among seropositive participants 
aged 9–16 years (n = 1,560), pooled vaccine efficacy against 
VCD from CYD14 and CYD15 in the immunogenicity 
subset was 82% (95% CI: 67%–90%), with incidence in 
unvaccinated and vaccinated seropositive participants of 
5% and 1%, respectively (53). Using MI, from month 0 to 
25 months of follow-up, vaccine efficacy against VCD was 76% 
(95% CI: 64%–84%) (48). Efficacy was highest for DENV-4 
(89%; 95% CI:  80%–94%) and lowest for DENV-1 and 
DENV-2 (67% for each; 95% CI: 46%–80%) (53). Among 
seropositive participants aged 9–16 years, the vaccine was 
protective against hospitalization (79%; 95% CI: 69%–86%) 
and severe dengue (84%; 95% CI: 63%–93%) over the 5-year 
follow-up period. The 5-year incidence of hospitalization 
for VCD among unvaccinated and vaccinated seropositive 
participants was 2% and 0.4%, respectively, and for 
severe dengue was 0.5% and 0.1%, respectively (48). 
Vaccine efficacy against hospitalization decreased from 91% 
(95% CI:  80%–96%) during the first and second years 
combined after vaccination to 56% (95% CI: 25%–78%) 
during the fifth and sixth years combined after vaccination. 
Vaccine efficacy against hospitalization remained significant 
throughout the 6-year follow-up period (54).

Multiple analyses and trials have explored simplified 
1-dose or 2-dose schedules. An analysis of interdose 
efficacy between doses 1 and 2, doses 2 and 3, and from 
dose 3 in seropositive participants aged 9–16 years found 
efficacy of 81% (95% CI:  66%–89%) between doses 1 
and 2, 82% (95% CI:  71%–89%) after dose 2, and 74% 
(95% CI:  66%–82%) after dose 3. These data suggest 
similar protection against disease even after a single dose 

https://www.cdc.gov/vaccines/acip/recs/grade/CYD-TDV-dengue-vaccine-etr.html
https://www.cdc.gov/vaccines/acip/recs/grade/CYD-TDV-dengue-vaccine-etr.html
https://www.cdc.gov/vaccines/acip/recs/grade/CYD-TDV-dengue-vaccine.html
https://www.cdc.gov/vaccines/acip/recs/grade/CYD-TDV-dengue-vaccine.html
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(55). Antibody responses at 28 days and 1 year in a 1-dose 
or 2-dose regimen were noninferior compared with a 3-dose 
regimen against all serotypes in seropositive persons aged 
9–50 years (56). These data might lead to a recommendation 
of a simplified dose schedule in the future.

Vaccine Safety
Adverse Reactions

The most frequently reported adverse reactions (n = 1,333), 
regardless of the dengue serostatus before vaccination, were 
headache (40%), injection site pain (32%), malaise (25%), 
asthenia (25%), and myalgia (29%) (52). Unsolicited nonserious 
adverse reactions occurred in 1% of vaccinated participants (16 
of 1,333) and in 0.8% of controls (five of 664). No differences 
were reported in serious adverse events (https://clinicaltrials.gov/
ct2/help/adverse_events_desc) at 28 days (0.6% in vaccinated 
participants and in 0.8% in controls) and deaths in either the 
vaccine or control arms (0.3% in each group). At 6 months, 
fewer severe adverse events were reported in the vaccine (3%) 
than in the control arm (3%). Additional information is available 
in the package insert (52). No dengue-related deaths occurred 
among participants in the trial.

Yellow Fever Backbone
Viscerotropic and neurotropic diseases are rare serious 

complications associated with yellow fever vaccination (57). 
Although Dengvaxia contains a yellow fever backbone, no cases 
of viscerotropic or neurotropic illness have been observed (58). 
Vaccine-induced YF-17D-NS3–specific CD8/IFNγ responses 
have been demonstrated after vaccination with Dengvaxia (59); 
however, no immune response against the structural antigens 
related to protection against yellow fever has been documented 
in these vaccine recipients.

Vaccinating Seronegative Children
Dengvaxia increases the risk for severe dengue in those 

who experience their first natural infection after vaccination 
(48). The most important adverse event is hospitalization 
or severe dengue after vaccinating a seronegative person 
misclassified as seropositive. Among seronegative children 
aged 9–16 years over 5 years of follow-up, an overall excess 
risk for dengue-related hospitalization (relative risk [RR]: 
1.41; 95% CI:  0.74–2.68) and severe dengue (RR: 2.44; 
95% CI: 0.47–12.56) was reported; however, this excess risk 
was not statistically significant, likely because of the small 
sample size (48). The possible increased risk for hospitalization 
and severe dengue among seronegative children is most 
likely attributable to the vaccine acting as a silent primary 

DENV infection, thus increasing the risk for severe disease 
with subsequent natural infection with a DENV (60). The 
cumulative incidence of dengue hospitalization over 5 years 
among seronegative vaccine recipients was 2% and among 
placebo recipients was 1%. When stratified by year, the risk 
for hospitalization among vaccinated seronegative participants 
compared with seropositive participants was lowest during 
the first 2 years after vaccination (hazard ratio [HR]: 0.77; 
95% CI: 0.26–2.73), peaked during the third year (HR: 2.64; 
95% CI: 0.64–10.93), and then progressively declined during 
the fourth year (HR: 1.68; 95% CI: 0.58–4.89) and the fifth 
and sixth years (HR: 0.80; 95% CI: 0.48–2.61) (Sanofi Pasteur, 
personal communication, March 15, 2021).

Among participants aged 9–16 years, clinical signs and 
symptoms were equivalent in hospitalized vaccinated 
seronegative participants (n = 56) (hypothesized as a result 
of vaccine-induced silent primary infection followed by 
wildtype infection) and hospitalized control seropositive 
participants (n = 110) (wildtype primary infection followed 
by wildtype infection). No significant differences were 
reported in complications between hospitalized vaccinated 
seronegative participants compared with hospitalized 
seropositive controls, including hemorrhage (39% versus 
42%; RR: 0.94; 95% CI: 0.54–1.59), plasma leakage 
(36% versus 42%; RR: 0.85; 95% CI: 0.48–1.47), and 
thrombocytopenia with platelet count ≤50 × 109/L (41% 
versus 55%; RR: 0.75; 95% CI: 0.44–1.24). The hospitalized 
vaccinated seronegative participants had no evidence of visceral 
manifestations or shock, and the seropositive participants 
in the control group had low rates of each (6%; RR: 0.00; 
95% CI: 0.00–1.36 and 2%; RR: 0.00; 95% CI: 0.00–10.36, 
respectively) (48).

Use in Special Populations
Dengvaxia  should be used with precaution in certain 

populations. Health care providers should weigh the 
risks of vaccination against the risk for dengue for the 
following populations. 

Pregnant Females
Pregnant females, who are at increased risk for dengue-related 

complications, were not specifically studied in the Dengvaxia 
trial. The limited number of pregnant females inadvertently 
vaccinated during the trial had a similar frequency of adverse 
pregnancy outcomes (e.g., spontaneous abortion, intrauterine 
death, and stillbirth) as occurred in the control group; however, 
the number of vaccinated pregnant females was not sufficient 
to determine a possible effect of Dengvaxia on pregnancy (52).

https://clinicaltrials.gov/ct2/help/adverse_events_desc
https://clinicaltrials.gov/ct2/help/adverse_events_desc
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Breastfeeding Females
Human data are not available to evaluate the safety of 

Dengvaxia on breastfeeding infants. The developmental 
and health benefits of breastfeeding should be considered in 
conjunction with the risk for DENV infection in the mother 
and infant.

Persons with HIV Infection
Safety and efficacy of Dengvaxia have not been assessed in 

persons with HIV infection. However, ongoing studies are 
assessing the vaccine’s use in adults with well-controlled HIV 
infection (https://clinicaltrials.gov/ct2/show/NCT02741128).

Rationale for Recommendations
Dengue is a serious and ongoing public health problem 

in U.S. territories and freely associated states. Effective and 
sustainable mosquito control strategies remain elusive, and 
consistent compliance with personal protective measures is 
difficult. The intensity of dengue transmission is influenced by 
population density and ecological factors such as temperature, 
rainfall, and altitude. The U.S. territories and freely associated 
states have appropriate conditions for continued dengue and 
other mosquito-borne diseases transmission.

Dengvaxia is a safe and effective vaccine among persons 
who have had dengue but is associated with an increased risk 
for hospitalization and severe dengue among those who have 
their first natural infection after vaccination. Screening and 
vaccinating only those who have had a previous laboratory-
confirmed infection or who receive positive serologic test results 
for previous dengue infection offers the potential to retain the 
benefits of vaccination among seropositive recipients while 
minimizing the risk for vaccinating seronegative recipients. 
Screening tests need to be both highly specific to minimize 
the risk for vaccinating seronegative persons and highly 
sensitive to ensure a large proportion of seropositive persons 
are identified and vaccinated. Vaccination should be considered 
as part of an integrated disease control strategy that includes 
continuous training for appropriate clinical management and 
using effective methods for sustained vector control.

Modeling and Cost-Effectiveness
ACIP reviewed findings from a Dengvaxia cost-effectiveness 

study (61) that based estimates of the costs paid by the 
government associated with treatment of dengue for 
ambulatory cases and hospitalizations on estimates from 
2002 to 2009 (projected to 2010) in Puerto Rico. Using the 
Consumer Price Index for medical care for Puerto Rico, the 
costs were adjusted from 2010 values to 2019 U.S. dollars. 

The study evaluated the impact of routine vaccination of 
children aged 9 years in Puerto Rico over 10 years in a scenario 
of 50% dengue seroprevalence and the implementation of a 
prevaccination screening laboratory test with 80% sensitivity 
and 95% specificity. On the basis of direct medical and 
vaccine program costs, including the screening test, the 
incremental cost per hospitalization averted was $16,000 and 
per quality-adjusted life-year (QALY) gained was $122,000 
(95% CI:  $74,000–$182,000). In a scenario with 30% 
dengue seroprevalence at age 9 years, the incremental cost per 
hospitalization averted and QALY gained was $32,000 and 
$240,000, respectively. The sensitivity analysis indicated that 
high laboratory screening test specificity is more important 
than test sensitivity for cost-effectiveness. In addition, test 
specificity has similar epidemiologic benefit because it would 
avoid inadvertently vaccinating persons without a previous 
dengue infection, thereby reducing hospitalizations for severe 
dengue among this group. The estimates for averted cases and 
hospitalizations are consistent with other Dengvaxia cost-
effectiveness models described in a WHO study (60).

Risk-Benefit Ratio
The model predicts that in a moderate transmission 

scenario with previous dengue prevalence of 50% in the 
eligible age group for vaccination, using a serologic screening 
test with 80% sensitivity and 95% specificity over 10 years 
(vaccinating children aged 9 years with 80% of children aged 
9 years screened), 3,415 hospitalizations would be prevented 
and an additional 184 hospitalizations would occur; that 
translates to averting 19 hospitalizations for every additional 
vaccine-associated hospitalization (61). In a lower transmission 
scenario of 30% prevalence at age 9 years, an estimated 
1,162 hospitalizations would be averted and an additional 
14 hospitalizations would occur; that translates to averting 
8 hospitalizations for every additional vaccine-associated 
hospitalization. The ratio of hospitalizations averted versus 
vaccine-induced hospitalizations is improved when using a 
higher specificity test. Model parameters have been updated 
with a screening test with 75% sensitivity and 98% specificity. 
Results indicate that in a 50% seroprevalence scenario, 
2,956 hospitalizations would be prevented and an additional 
51 hospitalizations would occur; that translates to averting 
57 hospitalizations for every additional hospitalization (Guido 
España, University of Notre Dame, personal communication, 
April 26, 2021).

Population Impact
The primary population-level benefit from vaccination 

will be from the individual level of protection against disease 

https://clinicaltrials.gov/ct2/show/NCT02741128
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provided to the vaccine recipients. Minimal contribution from 
indirect effects of decreasing DENV transmission is likely for 
two reasons. First, approximately 75% of DENV infections 
are asymptomatic but still induce host viremia that might 
infect an Aedes sp. mosquito vector taking a bloodmeal (17). 
One analysis using pooled data from the phase 3 trials found 
low vaccine efficacy against asymptomatic disease (34%; 
95% CI: 18%–46%) in 2,699 seronegative and seropositive 
children aged ≥9 years from month 13 to month 25 after 
the first vaccine dose (62). Second, the population eligible 
for vaccination (aged 9–16 years with a history of DENV 
infection) composes a relatively small proportion of the entire 
population at risk for DENV infection, thus requiring many 
decades of vaccinating successive cohorts to meaningfully 
increase the level of herd immunity, assuming this low level 
of efficacy is sustained over time. Multiple studies attempting 
to model the indirect benefit to unvaccinated persons have 
demonstrated great variability of the vaccine’s impact on 
number, timing, and severity of epidemics because of the many 
factors affecting DENV transmission and uncertainties about 
long-term vaccine effectiveness (60,63,64).

Recommendations for the Prevention 
of Dengue Among the Selected 

Pediatric Population
ACIP recommends vaccination with the Dengvaxia vaccine 

for children aged 9–16 years having evidence of a previous 
dengue infection and living in areas where dengue is endemic. 
Dengvaxia is recommended as a 3-dose vaccination series, 
administered 6 months apart at 0, 6, and 12 months, for the 
selected pediatric population. Evidence of previous dengue 
infection, such as confirmation with previous laboratory-
confirmed infection or a highly specific serodiagnostic test, 
will be required among eligible children before vaccination.

Clinical Guidance for Dengue 
Vaccination Among the Selected 

Pediatric Population 
Vaccine Storage and Handling

Store vaccine antigen and saline diluent in a refrigerator 
at 36°F–46°F (2°C–8°C) and do not freeze. Protect from 
light. Do not use after the expiration date shown on the vial 
labels of the lyophilized vaccine antigen and saline diluent. 
After reconstitution, administer Dengvaxia immediately or 
store refrigerated at 36°F–46°F (2°C–8°C) and use within 

30 minutes. Discard reconstituted vaccine if not used within 
30 minutes (52).

Dosage and Administration
Dengvaxia should be administered as 3 doses (0.5 mL each) 

6 months apart (at months 0, 6, and 12). After reconstitution, 
0.5 mL of Dengvaxia should be immediately administered 
subcutaneously or stored refrigerated at 36°F–46°F (2°C–8°C) 
and used within 30 minutes. Dengvaxia is for subcutaneous use 
only. Dengvaxia should not be administered by intramuscular 
injection. Additional information is available in the package 
insert (52).

Vaccine Availability
Dengvaxia is for use only in the U.S. territories and freely 

associated states where dengue is endemic. Consistent with 
the indication and ACIP recommendations, Dengvaxia will 
not be available for purchase or use in areas where dengue is 
not endemic, including the continental United States, on the 
basis of the CDC definition of endemicity. The vaccine can 
be ordered from Sanofi Pasteur by calling 1-800-822-2463.

Contraindications
Vaccine Component Allergy and 
Immunocompromised Children

Dengvaxia is contraindicated for children with a history 
of a severe allergic reaction to any component of the vaccine 
or a previous dose of this vaccine. A complete list of vaccine 
components is available in the package insert (52). Dengvaxia 
is a live-attenuated vaccine and is contraindicated in children 
with severe immunodeficiency or immunosuppression due 
to underlying disease or therapy, including children with 
symptomatic HIV infection or CD4+ T-lymphocyte count 
of <200/mm3.

Clinical Considerations
Syncope

Syncope can occur before or after vaccination because of a 
vasovagal response to needles. Children should be seated or 
lying down during vaccination. Vaccine providers, particularly 
when vaccinating adolescents, should consider observing 
patients (with the patient seated or lying) for 15 minutes after 
vaccination to decrease the risk for injury should the patient 
faint. If syncope develops, the patient should be observed until 
the symptoms resolve (https://www.cdc.gov/vaccines/hcp/
acip-recs/general-recs/index.html).

https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html
https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html


Recommendations and Reports

MMWR / December 17, 2021 / Vol. 70 / No. 6 9US Department of Health and Human Services/Centers for Disease Control and Prevention

Anaphylaxis
Although allergic reactions are a concern of vaccine 

providers, these reactions are uncommon and anaphylaxis after 
vaccination is rare, occurring at a rate of approximately one 
per million doses for many vaccines (https://www.cdc.gov/
vaccines/hcp/acip-recs/general-recs/index.html). A plan for 
managing anaphylaxis should be in place. The best practice to 
prevent allergic reactions is to identify persons at increased risk 
by obtaining a history and noting allergies to previous vaccines 
and vaccine components that might indicate an underlying 
hypersensitivity. Vaccine providers should be familiar with 
identifying immediate allergic reactions, including anaphylaxis, 
and be prepared to treat these events at the time of vaccine 
administration. Providers also should have a plan to contact 
emergency medical services immediately if a severe acute 
vaccine reaction occurs (https://www.cdc.gov/vaccines/hcp/
acip-recs/general-recs/index.html).

Requirement for Vaccination: Laboratory 
Evidence of Previous Dengue Infection

Because of the excess risk for hospitalizations and severe 
dengue in seronegative children, Dengvaxia is restricted to 
use in those with evidence of previous dengue infection. 
Vaccine providers must evaluate for evidence of previous 
DENV infection before vaccination to minimize chance of 
vaccinating seronegative persons. Evidence of previous DENV 
infection can be fulfilled by a history of laboratory-confirmed 
dengue according to the 2015 dengue case definition (65) or a 
positive IgG result using a serologic test with the performance 
characteristics (see CDC Guidance on Dengue Prevaccination 
Screening Tests Among the Selected Pediatric Population).

Administration of Dengue Vaccine with 
Other Vaccines

Multiple studies assessed vaccine safety and immunogenicity 
in coadministration with other vaccines. Early trials evaluated 
concomitant administration of Dengvaxia vaccine in infants 
and toddlers with a yellow fever vaccine (66), a pentavalent 
combination vaccine (diphtheria, tetanus, acellular pertussis, 
inactivated polio vaccine, and Haemophilus influenzae type b) 
(67), and a measles, mumps, and rubella (MMR) vaccine 
(68). No safety issues or decreased immunogenicity were 
associated with coadministration of these vaccines. Trials are 
ongoing to evaluate concomitant and sequential administration 
of the Dengvaxia vaccine with a human papillomavirus 
vaccine among children aged 9–13 years in Malaysia (69) 
and among children aged 9–14 years in Mexico (70), as well 
as coadministration with tetanus toxoid, reduced diphtheria 

toxoid, and acellular pertussis vaccine among persons aged 
9–60 years (71).

Although coadministration with other live-attenuated 
vaccines including yellow fever and MMR has been evaluated 
for safety and immunogenicity (66,68), minimum intervals 
between administration of Dengvaxia before or after other 
live vaccines have not been studied. Doses of injectable, live-
attenuated vaccines not administered simultaneously should be 
separated by at least 4 weeks, in accordance with best practice 
guidance from ACIP (https://www.cdc.gov/vaccines/pubs/
pinkbook/genrec.html).

Reporting of Adverse Events
As for all licensed vaccines, ongoing postmarketing surveillance 

for rare, serious, and longer-term adverse events associated with 
administration of Dengvaxia is important for assessing its safety 
profile. All clinically significant adverse events should be reported 
to the Vaccine Adverse Events Reporting System (VAERS) at 
https://vaers.hhs.gov, even if a causal relation to vaccination 
is unknown or not certain. Reports to VAERS can be made 
electronically, either online or by fillable PDF form (https://
vaers.hhs.gov/esub/index.jsp), or by telephone (800-822-7967). 
Health care providers are encouraged to report electronically to 
promote better timeliness and quality of safety data. Long-term 
safety of the vaccine will be monitored through surveillance of 
dengue-associated hospitalizations. 

Dengue is a reportable disease in the United States. 
Providers should report all confirmed and presumptive 
cases of dengue to their local health departments, who will 
report them to ArboNET, a national electronic passive 
surveillance system for arboviruses (https://www.cdc.gov/
dengue/statistics-maps/2020.html). Hospitalization and severe 
dengue are variables included in these reports, which local 
jurisdictions should use to monitor trends in hospitalizations 
among vaccinated children. Health care providers should be 
encouraged to report to ensure data completeness.

CDC Guidance on Dengue 
Prevaccination Screening Tests 
Among the Selected Pediatric 

Population
A history of laboratory-confirmed dengue infection based 

on the 2015 definition (15) or a highly accurate serodiagnostic 
screening test to determine previous DENV infection is needed 
before administration of the FDA-licensed dengue vaccine. 
Results of a specific test detecting anti-DENV IgG antibodies 
indicate whether a person previously has had dengue infection, 

https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html
https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html
https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html
https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html
https://www.cdc.gov/vaccines/pubs/pinkbook/genrec.html
https://www.cdc.gov/vaccines/pubs/pinkbook/genrec.html
https://vaers.hhs.gov
https://vaers.hhs.gov/esub/index.jsp
https://vaers.hhs.gov/esub/index.jsp
https://www.cdc.gov/dengue/statistics-maps/2020.html
https://www.cdc.gov/dengue/statistics-maps/2020.html
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and if positive, is eligible to receive the vaccine. Other ways to 
establish previous DENV infection include documentation of 
either a positive dengue RT-PCR test result, a positive NS1 
antigen test result, or a positive anti-DENV IgM test result in 
geographic areas without co-circulation of other flaviviruses 
(e.g., Zika) (30). The guidance presented in this report on 
optimal test performance for anti-DENV IgG screening for 
U.S. territories and freely associated states is adapted from 
the international target product profile developed by the 
Partnership for Dengue Control and the Global Dengue 
and Aedes-transmitted Diseases Consortium (72). Key areas 
are discussed where modification of the international target 
product profile is recommended for U.S. territories and freely 
associated states.

Because no screening test is perfect, the goal of this 
guidance is to minimize the risk that seronegative persons 
could be misclassified as seropositive while ensuring that most 
seropositive children who would benefit from vaccine are 
correctly identified. An anti-DENV IgG test for prevaccination 
screening should be optimally sensitive and specific to 
confirm past DENV infection. Additional strategies, such 
as sequential testing, could be an alternative when tests with 
adequate performance are more broadly available, with the 
goal of increasing specificity. Although testing at the point 
of care is preferable, testing in a laboratory setting might be 
feasible. A key modification is the recommendation for a test 
to have ≥75% sensitivity and ≥98% specificity. The positive 
predictive value (PPV) of a test quantifies the probability that a 
positive test result is correct or the probability that the person’s 
seropositive result is in error (1 – PPV). The PPV should be 
≥90%. At a stated sensitivity and specificity, tests are more 
likely to misclassify seronegative persons in low seroprevalence 
geographic areas than in high seroprevalence areas (Table 2) 
(72,73). For example, in populations with seroprevalence 
of <30%, jurisdictions should use tests with high specificity 
(>98%) to ensure <10% (1 – PPV) of persons who have positive 
test results will be misclassified and erroneously vaccinated 
(Table 2) (72,73). Conversely, high sensitivity ensures that most 
seropositive persons would be correctly identified as positive, 
particularly in high prevalence areas (Table 1). Jurisdictions 
with high DENV prevalence (e.g., ≥60%) ideally should select 
a screening test with a negative predictive value of ≥75% to 
increase identification of persons who would benefit from the 
vaccine (74).

CDC recommends that an evaluation of new and existing 
tests for prevaccination screening should be done with a well-
characterized panel that includes remote DENV infections 
(i.e., 1–3 years after documented exposure) of all four DENV 
serotypes, Zika, and epidemiologically relevant flavivirus 
infections found in the geographic area where the vaccine is 

proposed to be used. This evaluation should include samples 
from persons who received flavivirus vaccines, as well as 
negative control samples, and should follow international 
standards (72). The evaluation panel should be assessed with 
50% and 90% plaque reduction neutralization tests (PRNT50 
and PRNT90) to establish test performance in detecting 
remote DENV monotypic infections. A field evaluation of 
test performance in an area with previous DENV and Zika 
or other relevant flavivirus transmission might further help 
determine sensitivity and specificity.

Implementation Considerations
Implementation of Dengvaxia vaccination among the 

selected pediatric population includes considerations such 
as availability of vaccine; coordination and payment for 
prevaccination screening; timely and accurate test result 
interpretation; and implementation, completion, and payment 
for the 3-dose vaccine schedule. Documentation of previous 
DENV infection can be used when available, and identification 
of DENV cases previously reported to public health authorities 
also might be possible in certain settings. However, because of 
the large proportion of asymptomatic DENV infections and 
challenges in obtaining laboratory confirmation of previous 
DENV test results, serodiagnostic screening to identify 
evidence of a previous DENV infection will be necessary 
before vaccination for most eligible children. A prevaccination 
serodiagnostic screening test for previous DENV infection 
ideally would be a point-of-care rapid test, enabling vaccination 
during the same visit as testing.

Jurisdictions will need to evaluate how best to facilitate 
access to prevaccination screening and results according to 
local regulations. For example, in Puerto Rico, diagnostic 
laboratory tests must be performed by a medical technologist 
appropriately licensed in the jurisdiction according to the 
Puerto Rico Department of Health Rule 120 (http://ptnet.
salud.gov.pr/PTNet%20Documents/Departamento%20
de%20Salud-Reglamento%20N%C3%BAm.%20120.pdf ). 
Such a regulatory requirement could lead to a complex, 
multistep process for parents to obtain a prevaccination 
screening test order, visit a clinical laboratory for testing, 
obtain test results, schedule a separate visit with the health care 
provider to discuss results, and then begin the vaccine series if 
indicated, often at another location. Local officials will need 
to identify ways to simplify this process and remove barriers to 
vaccination, such as offering on-site prevaccination screening at 
vaccination clinics. Reminders and communication to parents 
to complete the 3-dose schedule over a 1-year period will be 
important to maximize protection of children who begin the 
vaccine series. Educational messages should communicate that 

http://ptnet.salud.gov.pr/PTNet%20Documents/Departamento%20de%20Salud-Reglamento%20N%C3%BAm.%20120.pdf
http://ptnet.salud.gov.pr/PTNet%20Documents/Departamento%20de%20Salud-Reglamento%20N%C3%BAm.%20120.pdf
http://ptnet.salud.gov.pr/PTNet%20Documents/Departamento%20de%20Salud-Reglamento%20N%C3%BAm.%20120.pdf
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TABLE 2. Test performance for a hypothetical dengue screening test in different seroprevalence scenarios

Prevalence in the eligible 
population (%)

Sensitivity  
(%)

Specificity  
(%)

PPV  
(%)

NPV  
(%)

30 60 95 84 85
30 70 95 86 88
30 75 95 87 90
30 80 95 87 92
30 90 95 89 96
30 60 98 93 85
30 70 98 94 88
30 75 98 94 90
30 80 98 94 92
30 90 98 95 96
50 60 95 92 70
50 70 95 93 76
50 75 95 94 79
50 80 95 94 83
50 90 95 95 90
50 60 98 97 71
50 70 98 97 77
50 75 98 97 80
50 80 98 98 83
50 90 98 98 91
60 60 95 95 61
60 70 95 95 68
60 75 95 95 72
60 80 95 96 76
60 90 95 96 86
60 60 98 98 62
60 70 98 98 69
60 75 98 98 72
60 80 98 98 77
60 90 98 99 87

Source: Adapted with permission from Fongwen N, Wilder-Smith A, Gubler DJ, et al. Target product profile for a dengue pre-vaccination screening test. PLoS Negl 
Trop Dis 2021;15:e0009557.
Abbreviations: NPV = negative predictive value; PPV = positive predictive value.

Dengvaxia has a vaccine efficacy of 80%, and certain persons 
can have breakthrough dengue infections after complete 
vaccination. Most hospitalizations among children who have 
been vaccinated will be breakthrough infections. A pilot project 
or phased implementation to identify and mitigate potential 
logistical issues concerning the requirement for prevaccination 
screening of children in a setting such as Puerto Rico would 
be desirable.

The Vaccines for Children (VFC) program helps provide 
vaccines to children whose parents or guardians might not be 
able to afford them. Persons are eligible for the VFC program 
if they are aged <19 years and Medicaid eligible, uninsured, 
underinsured, or an American Indian/Alaska Native. The costs 
associated with vaccination are paid by private insurers without 
cost-sharing as mandated for vaccinations recommended by 
ACIP in Section 2713 of the Public Health Service Act, as 
added by the Affordable Care Act and incorporated into the 
Employee Retirement Income Security Act of 1974 (75). Cost of 
the screening test will be covered by Medicaid for those who are 
eligible and by insurance companies for those who are insured.

Community Acceptance
A parent survey conducted in southern Puerto Rico in 2018 

(n = 1,139) indicated that 75% of parents were interested in 
having their children vaccinated against dengue (76). Of those 
who were uncertain or not interested, vaccine side effects were 
the most frequently mentioned concern. In focus groups, 
most parents said they would agree to have their children 
vaccinated with Dengvaxia after they received sufficient 
information about the vaccine. Pediatricians surveyed in Puerto 
Rico during 2019–2020 (n = 115) considered dengue to be 
a significant public health problem (76). Most pediatricians 
surveyed (73%) responded they would recommend use of 
the vaccine if a laboratory test with acceptable specificity was 
available to document previous DENV infection. Pediatricians 
who responded that they were unsure about or would not 
vaccinate with Dengvaxia were concerned about the risks 
for inadvertently vaccinating persons with a false-positive 
DENV laboratory test result. Key stakeholders interviewed, 
including pediatricians, school principals, and school nurses, 
were all receptive to the Dengvaxia vaccination program for 
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children with laboratory-confirmed evidence of previous 
DENV infection.

In the U.S. Virgin Islands, a survey of 11 clinicians 
representing 11 health care facilities in November 2020 found 
that 64% of facilities were not aware that there was an FDA-
approved vaccine (CDC Dengue Branch, unpublished data, 
2020). Assuming a laboratory test with acceptable specificity 
was available, 46% reported they would recommend the 
vaccine, and 63% responded that they would need more 
information. Four clinicians (36%) reported that dengue is not 
an important enough health problem in the U.S. Virgin Islands 
to justify the cost of a vaccination program. Data on vaccine 
acceptability are not available for other areas of the United 
States where dengue is endemic and would be important to 
obtain before implementing a vaccination program.

Providing communication materials to vaccine providers, 
parents, and the public to describe the screening test and 
vaccination plan for administering Dengvaxia will be critical. 
Culturally appropriate messaging strategies tailored to local 
jurisdictions’ vaccination programs should be developed before 
vaccine rollout to ensure high levels of community support.

Local jurisdictions should prepare materials before dengue 
epidemics to clearly communicate to parents and the public 
the low risk for inadvertently vaccinating seronegative 
children with use of highly accurate tests. Because Dengvaxia 
vaccine efficacy is approximately 80% (48), messaging should 
communicate that although Dengvaxia reduces overall 
hospitalizations and severe dengue in vaccine recipients, 
breakthrough DENV infections and hospitalizations will occur 
in approximately 20% of vaccinated children. Therefore, all 
patients with symptoms consistent with dengue should be 
evaluated and treated according to established guidelines, 
regardless of vaccination status.

Future Research
Research on optimal use of Dengvaxia and other dengue 

vaccines likely available in the future is needed. Additional data 
on seroprevalence in areas of the United States where dengue is 
endemic and in travelers, including subgroups such as foreign-
born persons from regions where dengue is endemic, would 
enable more precise assessment of geographic areas and groups 
that could benefit from dengue vaccination. Development 
of both highly specific and highly sensitive laboratory tests, 
including algorithms with confirmatory testing, are needed to 
minimize the chance of vaccinating persons without a previous 
DENV infection and to maximize benefit to persons previously 
infected with DENV (77). Behavioral science research should 
guide the development of communication materials that 

clearly and transparently explain the dengue vaccine’s risks 
and benefits to the public in English, Spanish, and other 
languages commonly spoken in the United States and U.S. 
territories (76,78). Operational research can assist with the 
design of efficient dengue vaccination programs that involve 
prevaccination laboratory screening tests and link test results 
to medical records and vaccination registries. Ideally, screening 
and vaccination could be completed in one health care visit, 
and the program would have high rates of timely vaccine series 
completion. Vaccine effectiveness studies will be important 
to monitor vaccine efficacy and vaccination coverage in the 
context of programmatic dengue vaccine implementation as 
well as the associated overall population impact in reducing 
disease. Until a highly efficacious quadrivalent dengue 
vaccine that provides balanced protection against all four 
DENV serotypes is available, clinical trials examining the 
immunogenicity of sequential vaccination with monovalent 
dengue vaccines or combinations of multivalent vaccines 
with unbalanced protection by serotype might lead to the 
identification of alternative vaccination strategies that provide 
a high level of protection against dengue disease (79).
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