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Abstract
Purpose of Review This article discusses dengue virus infection, its effects onmothers and their infants during pregnancy, and the
significant issues regarding the development of a safe and effective vaccine against dengue virus for administration to pregnant
women.
Recent Findings The risk of pregnant women acquiring dengue virus infection is a rising concern due to the broader geographical
distribution of this mosquito-borne flaviviral infection. Several studies have suggested that maternal infection with dengue during
pregnancy is associated with a higher risk of severe dengue as well as adverse pregnancy outcomes and maternal and infant
mortality. For this reason, both pregnant women as well as non-pregnant women of reproductive age living in endemic areas are
important target groups for vaccination against dengue virus. However, similar to many other viral illnesses, there are no current
clinical studies on candidate vaccines for dengue infection that include pregnant women as an experimental group.
Summary Dengue virus infection displays a very broad clinical spectrum ranging from asymptomatic infection to non-complex
febrile disease and, in a minority of cases, a severe hemorrhagic disease characterized by a life-threatening refractory hypovo-
lemic shock. Several studies suggest that dengue infection during pregnancy is associated with a higher risk of severe dengue and
adverse pregnancy outcomes.
Conclusion Despite the risk of obstetric complications in pregnant women due to infection with dengue virus infection, there is
currently no specific treatment or licensed vaccine for use during pregnancy.
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Introduction

Dengue virus (DENV) illness is the most important and wide-
spread arthropod-borne viral (arboviral) infection in humans,
and is believed to be one of the most top emerging diseases in

Asia and Latin America. DENV is transmitted by mosquitos
belonging to the genus Aedes that are geographically wide-
spread in both subtropical and tropical regions of the globe.
DENV belongs to the Flavivirus genus, which comprises other
medically important viruses such as Japanese encephalitis vi-
rus (JEV), tick-borne encephalitis virus (TBEV), Kyasanur
forest disease (KFD), Omsk hemorrhagic fever (OHF), West
Nile virus (WNV), yellow fever virus (YFV), and Zika virus
(ZIKV). DENV has a ~ 11-kb genome that encodes a
polyprotein divided into three structural proteins (capsid, pre-
membrane/membrane [prM], and envelope [Env]) and seven
non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A,
NS4B, and NS5). This virus displays four distinct serotypes,
namely DENV-1, DENV-2, DENV-3, and DENV-4 [1].
Persons infected with DENV infection can be asymptomatic,
or they can present clinically with dengue fever (DF), dengue
with warning signs (DWS+), or severe dengue (SD, also
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known as dengue hemorrhagic fever). A life-threatening form
of dengue infection that is characterized by hemorrhage, vas-
cular collapse, and hypotension is termed dengue shock syn-
drome (DSS)—it tends to affect children under 10 years of age.

Currently, there is an approved vaccine against DENV for
use in humans [2]; however, it is not authorized for use during
pregnancy. This is attributed to several biological, technical,
and bioethical challenges that limit the development of an
efficient, cost-effective, and safe vaccine in a mother-baby
setting. Among these challenges is the cross-reactivity of the
specific immune response, both humoral and cellular, between
DENV and other flaviviruses such as ZIKV. Accordingly, to
avoid the risk of antibody-dependent enhancement (ADE), a
safe vaccine against DENV should confer protective immuni-
ty against the four serotypes as well as protect against ZIKV
given the overlapping geographic distributions of these virus-
es and their mosquito vectors [3].

Global Dengue Virus Epidemiology

Infections by arboviruses are an increasing global public health
concern [4]. According to the World Health Organization
(WHO), dengue incidence has dramatically increased world-
wide in the last decades. It is estimated that 390million DENV
infections occur each year (95% CI 284–528 million), includ-
ing 96 million (95% CI 67–136 million) cases that manifest
clinically. Moreover, 3.9 billion people in 128 countries are
estimated to be at risk of DENV infection [5]. The recent esti-
mate of 390 million infections annually shows that dengue
disease burden has tripled when compared with previous pre-
dictions of 50 to 100 million reported cases of dengue without
warning signs, and 250,000 to 500,000 patients hospitalized
due to DWS+ and SD. Similar to other viral infections occur-
ring in the tropics, these current epidemiological data may be
under-reported and not representative of the true prevalence of
disease. Also, by 2080, it is estimated that more than 5 to 6
billion people worldwide will be exposed to DENV transmis-
sion due to climate change and population growth [6].

The Pan American Health Organization (PAHO) recently
issued an alert of a new epidemic outbreak in the region after 2
years of low dengue incidence. Between epidemiologic weeks
1 and 30 of 2019, 2,029,342 cases of dengue were reported in
the Americas (an incidence of 207.9 cases per 100,000 inhab-
itants), including 723 deaths. Among these reported cases,
846,342 (42%) were confirmed by laboratory methods.
Also, 12,268 (0.6%) cases were classified as SD (with
Honduras having the highest proportion) and the mortality
was 0.04% (which was greatest in Guatemala). The number
of cases by week 30 (2,029,342) exceeded the total number of
annually reported cases for 2017 and 2018. Meanwhile, the
number of reported cases to date is below the historic value
registered during the epidemic of 2015–2016 [7]. Similarly, in

southern Asia, the Directorate General of Health Services
(GDHS) in Bangladesh reports a total of 19,513 cases of den-
gue as of 2019, including 3464 cases in Dhaka capital district.
Among these cases, the deaths of two pregnant women in
Dhaka contributed to a total of 48 deaths caused by dengue
infection in this country [8].

Clinical Features of Dengue Infection

Dengue virus infections include a range of well-described
clinical illnesses ranging from asymptomatic infection to
a self-limiting febrile illness, dengue fever, to severe den-
gue (shock and death), a clinical syndrome that typically
presents with capillary permeability and can lead to den-
gue shock syndrome and dengue hemorrhagic fever. The
atypical presentations of severe dengue are encephalitis,
hepatitis, and renal dysfunction [9]. The incubation peri-
od of any DENV Infection is from 4 to 8 days, and most
patients are able to recover after a self-limiting illness;
however, a small proportion develop a severe form of the
disease which is mainly characterized by plasma leakage
with or without bleeding [10]. On the other hand, in 2–
3% of secondary infections with another serotype, there
is a higher risk of increased disease severity, causing life-
threatening Dengue with Warning Signs (DWS+) and
Severe Dengue (SD), according to the revised WHO den-
gue case classification (DENCO) [11, 12]. Dengue with-
out Warning Signs (DWS−) is seen more often in adults
and adolescents and can manifest with only a mild fever
only, or a more disabling disease characterized by symp-
toms occurring mainly in the early febrile stage. These
include the sudden onset of high fever, severe headache,
retro-orbital pain, myalgia, arthralgia, and rash. In the
critical phase, the skin is flushed with the appearance of
a petechial rash, occurring predominantly around the time
of febrile clinical defervescence, when an increase in cap-
illary permeability accompanied by increased hematocrit
can occur. This leads to hypovolemic shock that can re-
sult in organ impairment, metabolic acidosis, disseminat-
ed intravascular coagulation, and severe hemorrhage. If
untreated, mortality can be as high as 20%; but with
proper case management and intravenous rehydration,
mortality can be reduced to less than 1% [10]. While
SD affects mostly children under 15 years of age, it can
also occur in adults, such as in pregnant women. SD
causes a transient increase in vascular permeability
resulting in plasma leakage with high fever, bleeding,
thrombocytopenia, and hemoconcentration, which can
lead to shock [5, 12]. Two factors, namely, antibody-
dependent enhancement (ADE) and inherent virulence
of the DENV viruses, seem to be most important in the
pathogenesis of the disease [11].
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Pathophysiology of Dengue Virus Infections

The pathophysiology of SD is multifactorial due to a complex
interaction between the virus and the host-mediated immune
response. DENV infection can lead to a dysfunction of the
vascular endothelium due to increased permeability, which
ultimately causes refractory hypovolemic shock, abnormali-
ties of blood clotting, and eventually thrombocytopenia and
ischemia and necrosis of infected cells. Several immunopath-
ological mechanisms, such as ADE, are proposed to contrib-
ute to the increased risk of developing DWS+/SD. It is widely
acknowledged that antibodies with low avidity can increase
the entry of the heterologous virus into the host cells, thus
eliciting a hyperimmune reaction that increases vascular per-
meability and leads to a potentially fatal hypovolemic shock
[5, 11, 13, 14]. Similarly, a primary infection induces specific
memory T lymphocyte responses against the infecting sero-
type as well as cross-reactive antibodies against other sero-
types, which are activated by viral epitopes expressed on in-
fected cells during a secondary infection by a heterologous
DENV. This prompts the production of pro-inflammatory cy-
tokines (TNFα, IL6, IL8, IL10, IL12, macrophage migration
inh ib i to ry fac to r, HMGB1, MCP-1 , and mat r ix
metalloproteinases) by T cells, monocytes, macrophages,
and mastocytes, which lead to plasma loss from the vascular
endothelium and hypovolemic shock. Meanwhile, the secret-
ed NS1 protein, coupled with anti-NS1 antibodies and com-
plement activation, can stimulate the production of pro-
inflammatory cytokines associated with DWS+/SD, resulting
in DENV-induced vascular drainage [15].

Infection with DENV produces long-term or even life-long
immunity to reinfection with the same strain of the virus. In
endemic regions persons are frequently secondarily reinfected
with a heterologous serotype of DENV—this is the most sig-
nificant risk factor for developing severe infection.

Dengue Infections in Pregnant Women
and Their Infants

The risk of women acquiring DENV during pregnancy is a
major concern due to the increasing number of epidemics,
broader geographical distribution of disease transmission,
and population growth. Several studies suggest that dengue
infection during pregnancy is associated with a higher risk of
SD and adverse pregnancy outcomes. Despite this, dengue is
not often suspected in pregnant women and, consequently, is
not diagnosed in a timely manner. A contributing factor is that
infection by DENV during pregnancy can be a diagnostic
dilemma because of the physiological changes of pregnancy
and the obstetric complications found in the clinical practice.
For this reason, the diagnosis and management of atypical
presentations of DENVare of great importance. A systematic

literature review conducted by Pouliot et al. in 2010 consid-
ered 30 publications on DENV in pregnant women (19 case
reports, 9 case series, and 2 comparative studies), indicating
that maternal infection by dengue is a significant risk factor for
adverse pregnancy outcomes [16]. Singla et al. [17] reported a
16.1% frequency of premature births, in addition to 60% and
28.6% frequencies of spontaneous abortions in infected
mothers occurring during the first and second trimesters, re-
spectively, and a 37.5% frequency of premature births in the
third trimester.

The most common obstetric complication observed by
Sharma et al. 2016 in cases of DENV-infected pregnant wom-
en in a hospital in New Delhi was oligohydramnios in 43% of
cases. Also, seven women developed bleeding and three
women died. Among perinatal complications, there were three
intrauterine deaths, six neonatal care unit entries, and one
neonatal death. Consequently, DENV infection in pregnancy
can be associated with high maternal and perinatal mortalities;
thus, early admission and timely disease management in in-
fected pregnant women is of importance [18]. A rigorous con-
trol program during pregnancy should be implemented, in-
cluding early ultrasound examination to detect plasma loss,
the presence of ascites, pleural effusion, or oligohydramnios
in pregnant women infected with DENV [19].

In a retrospective study of clinical records from 62 pregnant
women admitted with DENV infection in a hospital in New
Delhi, India, between July and December of 2015, Agarwal
et al. found that abortions during the first two trimesters, fetal
death and maternal morbidity and mortality were significantly
more common among women with DWS+ and SD than in
women with dengue without warning signs (P < 0.001).
Also, the authors found a 41% incidence of premature births
among women diagnosed in the early third trimester. There
was a case of fetal death at 37 weeks and no cases of neonatal
death. In particular, there were no reports of congenital abnor-
malities in any of the studies, even when maternal infection
occurred in the first trimester. Furthermore, the authors found
that the transplacental transfer of IgG showed no harmful ef-
fects on neonatal outcomes [20]. Rajagopala et al. reported a
case of encephalopathy by DENV in a 28-year-old woman
from India in her 37th week of pregnancy [21]. Ribeiro et al.
conducted a histopathological and immunohistochemical
study on placental tissues and retained products of conception
from 24 patients with confirmed dengue infection during
pregnancy. The immunohistochemical analyses were positive
for dengue virus in 19 placental and three ovular remnants.
Among the microscopic placental findings were signs of hyp-
oxia, choriodecidual infection, deciduitis, villitis, and
intervillositis; viral antigens were found by immunohisto-
chemistry in the cytoplasm of trophoblast, chorionic villous
stromal cells, and decidua [22]. In contrast to these reports, the
results from ameta-analysis conducted by Xiong et al. in 2017
do not suggest that maternal infection by DENV increases the
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risk of adverse pregnancy outcomes based on a RR of 0.96
(95%CI 0.85 to 1.09) for premature birth, RR of 0.99 (95%CI
0.87–1.12) for low birth weight, OR of 1.77 (95% CI 0.99–
3.15) for spontaneous abortion, and RR of 3.42 (95%CI 0.76–
15.49) for fetal death. The authors concluded that the current
evidence did not suggest that maternal infection by DENV
during pregnancy can increase the risk of premature birth,
low birth weight, spontaneous abortion, and fetal death
[23•]. However, a study from Mexico by Machain-Williams
et al. examining the maternal, fetal, and neonatal outcomes
among 82 pregnant women diagnosed with DENV infection
provided evidence that SD during pregnancy was associated
with a high rate of fetal distress and morbidity, emergency
cesarean sections, obstetrical hemorrhage, and maternal mor-
tality. Among those mothers having nonsevere dengue, there
was no association with maternal mortality, fetal distress, or
adverse neonatal outcomes [24••].

In addition to these reports, Nunes et al. reported the case of
a 36-year-old Brazilian woman with 29 weeks of pregnancy
who manifested severe complications due to infection by
DENV, which led to maternal and fetal death. The post-
mortem analysis of the fetal organs based on RT-PCR and
immunohistochemisty using antibodies to the NS3 DENV
protein showed the presence of DENV in the brain, placenta,
and several fetal organs such as the liver, lungs, and spleen.
The histological analyses of the placenta revealed chronic
villitis, decidual and villous hemorrhage, edema, and necrosis.
The liver was highly abnormal, showing a diffuse area of
necrotic hepatocytes with a mononuclear infiltrate, steatosis,
hyperplasia of Kupffer cells, a discrete region of lymphocytic
infiltration in the sinusoidal capillary, thickening of the endo-
thelium in the central vein, and the presence of edema. In
addition, there were signs of fetal tissue dysfunction, such as
microglial inflammation, steatosis, arteriolar hyalinosis, in-
flammatory cells in the alveolar septa, and lymphoid follicular
disorder, an increase in cellularity (macrophages, Hofbauer

cells, and TCD8 + lymphocytes) and the production of inflam-
matory mediators, such as IFN-α, TNF-γ, RANTES/CCL5,
MCP1/CCL2, and VEGF/R2, in the liver, lungs, spleen, brain,
and placenta associated with inflammation of the peripheral
tissue of the placenta and fetus. According to these authors,
maternal infection by DENV promotes the production of vas-
cular mediators that can alter vascular permeability and facil-
itate viral entry and tissue and placental barrier dysfunction
[25••].

Considering the literature reports and the possible conse-
quences of DENVinfection during pregnancy, pregnant wom-
en and women of reproductive age living in endemic areas
should be vaccinated against DENV and other flaviviruses
(Fig. 1) [26, 27].

Development of Vaccines Against Dengue
for Use in Pregnant Women

An important aim of a vaccine against DENV administered
during pregnancy will be to prevent the infection of the moth-
er and fetus, the development of DWS+ and SD in the mother,
abortion and fetal damage. The vaccine should be a tool to
control DENVoutbreaks in the short term. DENV was isolat-
ed over 70 years ago, yet, to date, there is no specific treatment
for dengue disease and the CYD-TDV vaccine approved for
use in humans is not authorized for use during pregnancy.

There are multiple obstacles that have delayed the progress
in obtaining a DENV vaccine for use during pregnancy. These
include [1] the co-circulation of multiple DENV serotypes as
well as other flaviviruses; [2] imperfect knowledge of viral
pathogenesis; [3] lack of understanding of the immunological
mechanisms of the cross-reactive specific cellular and humor-
al immune responses of DENV antigens with other
flaviviruses; [4] lack of a reliable animal model; [5] the com-
plexity of the host immune mechanisms; [6] deficiency of

Fig. 1 Findings of dengue
infection during pregnancy
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clinical studies involving pregnant women and their infants;
[7] knowledge gaps of the immune mechanisms of DENV
infection during pregnancy and in the fetus since pregnancy
can alter the immune response and the fetal immune response
can change throughout pregnancy. Additional challenges to
developing an efficacious dengue vaccine for use in pregnant
women are [1] the vaccine must protect the developing fetus
and it must achieve protective immunity before the moment of
maximum infection vulnerability; [2] many women are un-
aware of their pregnancies until late in the first trimester; [3]
vaccines with live attenuated viruses can be protective after a
single dose, yet these may not be suitable candidates for ad-
ministration during pregnancy; and [4] inactivated subunit
recombinant vaccines and other non-replicative vaccines that
are more suitable for use during pregnancy generally require
multiple doses to achieve protective immunity, which delays
the establishment of an effective immunity beyond the win-
dow of maximum vulnerability of the fetus [6, 27].

In December 2015 a live, attenuated tetravalent vaccine
named CYD-TDVor Denvaxia (Sanofi Pasteur) was initially
approved in Mexico for individuals aged 9 years and older,
which has since been used in several endemic Asian and Latin
American countries for protection against the four viral sero-
types. In pre-clinical studies the CYD-TDV vaccine did not
demonstrate any teratogenicity in the progeny of vaccinated
pregnant animals [26]. Although the CYD-TDV vaccine has
shown an adequate general safety and efficiency profile in the
clinical trials, some key research aspects remain, such as the
frequency of very rare adverse events after immunization, the
duration of the induced protection, and its effectiveness when
used in public health programs. A safety-related question re-
garding this vaccine is whether it is safe for use in special risk
groups, such as immunocompromised persons and pregnant/
breastfeeding women [28]. The knowledge gaps on the use of
this vaccine in early pregnancy and its safety have hindered
the development and recommendation of an effective vaccine
against DENV and other flaviviruses in pregnant mothers
since maternal immunization is a challenge to vaccinology
[27, 29–31]. Although the CYD-TDV vaccine, like many oth-
er live virus vaccines, has been contraindicated for adminis-
tration during pregnancy due to the theoretical possibility of
risk to the fetus, there were pregnant women who inadvertent-
ly received the vaccine during the clinical development of
Denvaxia [26]. There were 58 women identified who were
considered exposed to CYD-TDV during the pre-specified
risk window for pregnancy among all persons enrolled in the
clinical trials. Of these 58 women, 22 were sub-categorized as
“exposed and pregnant,” i.e., vaccinated with CYD-TDV dur-
ing the interval starting from last menstrual period (LMP) + 7
days, and 36 were “exposed and not pregnant,” i.e., vaccinat-
ed in the period between 30 days before and 7 days after their
LMP. Follow-up and analysis of the clinical course of the
pregnancies and health of their newborn infants demonstrated

that there were no adverse pregnancy outcomes among the
young women who were exposed to Denvaxia during early
pregnancy compared with controls [26].

In order to address issues in the development of a vaccine
against DENV, it is important to critically assess the safety of
the vaccine during pregnancy in terms of determining the
substantial risk of infection for the mother and the fetus in
the absence of immunization. Besides, considerations must
be taken regarding the possible immunopathological compli-
cations caused by ADE due to previous infections by one of
the DENV serotypes or other prevalent flaviviruses, such as
ZIKV. In this context, Fowler et al. [32] showed that mice
born with maternal anti-ZIKV antibodies develop SD and vi-
remia following experimental infection with DENV compared
with mice from non-immune mothers. Likewise, the previous
immunization with licensed vaccines for other flaviviruses,
such as JEV and YFV, could also pose a risk for vaccination
against DENV.

The routine administration of live vaccines in pregnant
women is generally contraindicated due to concerns of fetal
damage derived from attenuated infectious agents. However,
not all live vaccines can lead to this problem. The greatest
concern is for those live vaccines that replicate systemically
and can cross the placental barrier. Despite the accidental ex-
posure during pregnancy to several types of live vaccines
(e.g., vaccines against rubella, yellow fever, and smallpox)
in hundreds or thousands of women, there is convincing evi-
dence of fetal damage only for the vaccine against smallpox—
a small increase in the risk of birth defects (2.4% compared
with 1.5%) among women vaccinated in the first trimester.
Furthermore, in a retrospective study, Tsai et al. reported the
first case of congenital infection with the vaccine strain of the
yellow fever virus (YFV) after immunization of pregnant
women who were unaware of their state and were vaccinated
during a massive YFV immunization campaign in Trinidad.
The authors found that 1 of 41 children born to these women
showed IgM and neutralizing antibodies against the virus,
indicating congenital infection. Although the pregnancies
did not show any complications and the newborns were born
at full term and healthy, the neurotropism of YFV in the de-
veloping nervous system and the reported possibility of trans-
placental infection must be considered. This underlies the
warning to avoid YFV vaccination during pregnancy [33].
Similarly, Nishioka et al. reported the possible association of
the accidental administration of the YFV vaccine during early
pregnancy and the occurrence of spontaneous abortion with
an OR (relative risk estimate) of 2.29 (95% CI 0.65–8.03).

Based on these findings, a sensible recommendation is to
avoid YFV vaccination in pregnant women unless the risk of
acquiring YFV exceeds the risk of abortion in relation to the
vaccine [34]. For this reason, vaccines against yellow fever
and smallpox are offered only to women with a high risk of
infection since the potential benefits greatly exceed the risks.
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To guarantee that pregnant women have access to vaccines
with reassuring safety data, the vaccine candidates with the
highest probabilities of safe administration during pregnancy
must be assessed [27]. Despite the precaution of not adminis-
trating live vaccines in pregnant women, there are safety data
for some attenuated vaccines against flaviviruses that were
inadvertently administered to women in the very early stages
of pregnancy who were unaware of their condition as previ-
ously discussed for Denvaxia.

Considerations of Previous Immunity
Against Other Flaviviruses
in the Development of a Vaccine
Against Dengue Virus

Published studies have demonstrated that antibodies isolated
from patients infected with DENVor ZIKV have high cross-
reactivity or cross-protection both in vitro and in vivo [35].
Therefore, ZIKV can be considered a fifth member of the
DENV serocomplex, a factor that should be accounted for in
the vaccine development approaches of the two viruses [36].
Lima et al. conducted a study on non-human primates infected
with ZIKV, finding that pre-existing immunity to DENV or
YFV leads to greater activation of T-CD4 cells and higher
titers of anti-ZIKV IgG. This indicates that the specific re-
sponses to ZIKV benefit from the pre-existing immune mem-
ory for other flaviviruses. However, this pre-immunity against
flaviviruses did not provide cross-protection against infection
by ZIKV [37]. Zhao et al. found that some anti-ZIKVantibod-
ies produced during a natural infection facilitated DENV in-
fection in vitro. Therefore, it is necessary to determine the
implication of pre-existing antibodies in pregnant women in
areas with a high prevalence of DENV, ZIKV, and other
flaviviruses on the effectiveness and safety of a vaccine for
use during pregnancy [38, 39].

Bioethical Considerations
for the Development of Dengue Virus
Vaccines for Use in Pregnant Women

Historically, pregnant and breastfeeding women and their off-
spring have been largely excluded from research agendas,
experimental drug and vaccine design protocols, clinical trials,
and vaccine investment strategies against epidemic threats,
which can also lead to their exclusion from future vaccination
campaigns during infectious disease outbreaks, such as
DENV [24••, 27, 28]. This is unfair to pregnant women and
their offspring—it constitutes an important public health as
well as human rights issue due to the risk of exposure of
pregnant women in areas with a high prevalence of transmis-
sible and, in some cases, life-threatening infectious diseases.

To guarantee that the needs of pregnant women and their
babies are justly addressed, a new approach to research goals
and the development of vaccines and their administration that
are inclusive of pregnant women are needed. Most drugs
available in the market have little or no information regarding
their safe and effective use during pregnancy. This is unac-
ceptable; therefore, a paradigm shift is required to safely and
responsibly include pregnant women in research so that both
they and their offspring can eventually benefit from critical
interventions to support their health and well-being [27, 30,
40]. For this, vaccine clinical trials should include pregnant
women in different stages of pregnancy from areas with active
disease transmission.

Conclusion

Despite the risk of maternal and fetal complications due to
DENV infection during pregnancy, there are currently no spe-
cific treatments or licensed vaccines for use in mothers and
their infants. Although several vaccines against DENV are
currently undergoing phase II and phase III clinical trials,
pregnant and lactating women have not been included in these
investigations. This is unfortunate—the risk of obstetric and
perinatal complications for pregnant women due to DENV in
endemic areas places these women and their infants at height-
ened risk for morbidity and mortality from infection.
Researchers must reconsider their historical policies of exclu-
sion, and incorporate pregnant women in the design, clinical
trials, and administration of DENV vaccines to effectively
prevent maternal and fetal complications of DENV infection.
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