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Background. Maternal-fetal transferred dengue virus (DENV)–specific antibodies have been implicated in the immunopatho-
genesis of dengue during infancy.

Methods. A prospective birth cohort was established in a dengue-endemic area in the Northeast Region of Brazil. DENV-specific
immunoglobulin G (IgG) and DENV-1–4 serotype–specific neutralizing antibody (NAb) levels were assessed in 376 paired maternal
and umbilical cord blood samples. The kinetics of enhancing activity by maternally acquired DENV antibodies was determined in
serum samples from children enrolled in the cohort.

Results. Mothers were mostly immune to DENV-3 alone (53.7%) or combined with DENV-4 (30.6%). Levels of DENV-specific
IgG, DENV-3 NAbs, and DENV-4 NAbs were significantly higher in newborns than in their respective mothers. Mothers immune to
a single serotype transferred greater levels of DENV-specific IgG (P = .02) and DENV-3 NAbs (P = .04) than mothers immune to
multiple DENV serotypes. Maternally acquired DENV-3 NAbs disappeared in >90% of the children by the age of 4 months. The
peak enhancing activity was detected by the age of 2 months (P < .0001) and rapidly declined by the age of 4 months (P = .0035).

Conclusions. Unlike Asian infants, the enhancing activity of DENV infection by maternally transferred DENV antibodies occurs
at earlier ages in Brazilian children. These findings might explain the low occurrence of severe dengue among infants in our setting.
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Dengue is a mosquito-borne viral infection caused by 4 related
but antigenically distinct dengue virus (DENV) serotypes
(DENV-1–4) [1]. Currently, more than half of the human pop-
ulation is at risk of DENV infection [2], and severe dengue re-
mains a leading cause of hospitalization and death among
children, particularly in some Southeast Asian countries [3,
4]. In Brazil, severe cases and dengue-related hospitalization
rates are usually greater among adults. Although a transient
shift toward younger age groups was observed between 2006
and 2008, the incidence of severe dengue cases in infants is
still much lower than in Southeast Asia [5].

The immunopathogenesis of severe dengue is still incom-
pletely understood. One of the leading hypothesis explaining
the increased risk for severe dengue in secondary infections,

named antibody-dependent enhancement, suggests that non-
neutralizing antibodies, elicited by a primary infection, favors
virus uptake into the target cells during a subsequent exposure
to a different DENV serotype, leading to increased virus load
and severe disease [6, 7].

In infants, severe dengue often occurs in primary infections
and is associated with the presence of antibodies transferred
from their dengue-immune mothers during pregnancy [8–
12]. Maternally acquired DENV-specific antibodies play a
dual role in infants during the first year of life: they confer pro-
tection at birth, and then they decline to a lower level capable of
increasing the risk of severe DENV infection through antibody-
dependent enhancement [4, 7, 9, 10, 13].

The placental transfer of maternal immunoglobulin G (IgG)
and its subclasses (IgG1–4) to the fetus starts around the thir-
teenth week of gestation and progressively increases throughout
pregnancy, peaking during the third trimester, when the IgG
concentration in fetal serum often exceeds maternal levels
[14, 15]. The mechanism of transfer of maternal IgG to the
fetus is mediated by the neonatal Fc receptors (FcRn) present
on syncytiotrophoblast cells in the placental tissues [15]. Several
factors have been shown to interfere in the placental transfer of
IgG antibodies [16–18], including high levels of maternal total
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IgG [14]. A high level of IgG antibodies leads to a saturation of
FcRn receptors present in the placental tissues and is correlated
with a reduction on the transfer efficiency of antigen-specific
IgG to the fetus [15], as demonstrated in some viral infectious,
such as measles, herpes simplex virus infection, and varicella-
zoster virus infection [19, 20].

The efficient transfer of maternal DENV-specific IgG to the
fetus has been demonstrated in several studies involving paired
maternal and umbilical cord blood specimens (hereafter,
“mother-cord pairs”) [8, 9, 11, 12], including the placental trans-
fer of DENV-specific IgG subclasses (IgG1 and IgG4) that have
been implicated in the pathogenesis of severe dengue [12, 21,
22]. Prospective studies conducted in Asian infants have also
provided evidence that the peak of enhancing activity by mater-
nally transferred DENV-specific antibodies occurs between ages
6 and 9 months, which correlates with the age-related epidemi-
ology of the severe dengue cases in this region [13]. In the
Americas, information on the transfer of DENV-specific anti-
bodies in mother-cord pairs and on the kinetics of DENV infec-
tion enhancing activity is still scarce. Therefore, a prospective
birth cohort was established in a dengue-endemic area in the
Northeast Region of Brazil between 2010 and 2014 [23].

Here, we describe the placental transfer of DENV-specific an-
tibody and its subclasses (IgG1 and IgG4) in the mother-cord
pairs enrolled in this study. Moreover, we analyze the role of
maternal total IgG levels and dengue immunity in the transfer
of DENV-specific antibodies to the fetus. In the cohort of chil-
dren, we determine the kinetics of enhancing activity by mater-
nally acquired DENV-specific antibodies during their first year
of life.

METHODS

Study Population
The prospective cohort study was conducted in the city of Re-
cife, a large urban area in the Northeast Region of Brazil. During
recruitment (March 2011–May 2012), around 17 000 dengue
cases were reported in the city [24], and all DENV serotypes co-
circulated in the region, with the predominance of DENV-4
(Health Department, Pernambuco State, unpublished data).

Mother-Newborn Pairs

Study design and data collection from the mother-newborn
pairs have been described in detail elsewhere [24]. In summary,
healthy pregnant women were recruited at the maternity ward
of the Instituto de Medicina Integral Prof Fernando Figueira, a
large, publicly funded teaching hospital in Recife. Women living
in Recife who had a low-risk pregnancy and agreed to have their
infants followed up during the first year of life were eligible for
the study. Individual information and maternal blood samples
were collected at the time of admission for delivery. Umbilical
cord blood samples were obtained immediately after birth.
Serum samples were separated and stored at −70°C.

Healthy Infants

Children were followed during the first year of life. Details of
their follow-up have been published elsewhere [25]. In sum-
mary, 415 neonates were randomly allocated into 2 groups
and examined by a pediatrician at scheduled time points after
birth. Group 1 comprised 212 children who were evaluated
at 2, 6, and 10 months of age, and group 2 comprised 203–
children who evaluated at 4, 8, and 12 months of age. Blood
samples were collected at each visit, and serum samples were
separated and stored at −70°C. To better understand the
kinetics of DENV infection–enhancing activity by maternally
transferred DENV-specific antibodies, a cross-sectional set of
independent serum samples were randomly selected from the
children included in cohort. The inclusion criteria for infants
from whom samples were selected was as follows: (1) born to
mothers with measurable levels of DENV-specific IgG, as indi-
cated by an in-house enzyme-linked immunosorbent assay
(ELISA); (2) born to mothers with immunity to monotypic in-
fection by DENV-3, as determined by a plaque reduction neu-
tralization test (PRNT); (3) no evidence of recent DENV
infection during the cohort follow-up, as determined by immu-
noglobulin M (IgM) analysis and/or reverse transcription poly-
merase chain reaction (RT-PCR) analysis. Samples collected at
birth (umbilical cord) and at 2, 4, 6, 8, 10, and 12 months of age
from 210 infants (30 serum samples at each time point) were
used in the experiments.

Laboratory Assays
Levels of total IgG were obtained using a quantitative sandwich
ELISA. An in-house capture ELISA was used for the detection
of virus-binding IgG, consisting of DENV-specific IgG and
DENV-specific IgG1 and IgG4 subclasses. A PRNT was used
for the detection of DENV serotype–specific neutralizing an-
tibodies, following a modified protocol previously described
elsewhere [26]. Enhancing activity was determined by flow cy-
tometry in sera from children, using K562 FcγRII-expressing
cells. Serum samples were tested at a low dilution (1:10) to
mimic in vivo conditions. Enhancing activity was measured as
the n-fold increase in the percentage of DENV-infected cells
relative to that in DENV-naive serum. Laboratory procedures
have been described in detail in the Supplementary Materials.

Ethical Considerations
Written informed consent was obtained from a parent or
guardian of each parturient or healthy infant enrolled in the
study. The protocol was approved by the Ethical Committee
of Aggeu Magalhaes Research Center (CAAE-0061.0.095.000-
10) and the Instituto de Medicina Integral Prof Fernando Fig-
ueira (no. 2744/2010).

Data Analysis
The main characteristics of the mother-cord pairs were de-
scribed. Titers of DENV-specific IgG, IgG1, and IgG4 subclass-
es and serotype-specific neutralizing antibodies were estimated
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using nonlinear regression, and values obtained were log trans-
formed (log10). Maternal and newborn antibodies mean titers
were compared using the nonparametric Wilcoxon test (paired
samples). We measured placental transfer as a ratio, calculated as
follows: [newborn antibody titer/maternal antibody titer] × 100.
We used Pearson correlation to measure the association be-
tween maternal total IgG and the antibody transfer ratio (TR).
The median TRs between the 2 groups were compared using
Mann–Whitney test. The proportion of children with detectable
levels of DENV-specific antibodies over time was determined.
Antibody levels at each time point were compared using
the Kruskal–Wallis test. The level of significance was set at

.05. Statistical analysis was performed using R, version 3.2.1,
and Graph Pad Prism, version 6.0e.

RESULTS

Characteristics of the Mother-Newborn Pairs
A total of 376 mother-cord pairs were analyzed. Mothers were
mostly young adults (age range, 13–43 years), and 10% reported
smoking habits during the current gestation (Table 1). Overall,
42.2% of parturients reported infections during pregnancy (135
had urinary tract infection, 1 had hepatitis, and 5 had syphilis).
Macroscopic abnormalities of the placenta were observed in
4.5% of the mothers. Among the neonates, 51.9% were female,
and most had normal body weight (Table 1). Serotype-specific
immunity to DENV was investigated through PRNT in all par-
turients enrolled in this study. Nearly 90% of the mothers pre-
sented neutralizing antibodies to at least 1 DENV serotype,
mostly against DENV-3 alone (53.7%) or to the combination
of DENV-3 and DENV-4 (30.6%; Table 1).

Placental Transfer of Maternal DENV Antibodies
We investigated the levels of DENV-specific IgG, by ELISA, in
both mothers and newborns. DENV-specific IgG antibody lev-
els in newborns were statistically significantly higher than those
in their corresponding mothers (TR, 103.8%; P < .05). This pat-
tern was similar regardless of DENV serotype-specific immuni-
ty of the mother (TR, 108.2% for DENV-3 [P < .05] and 110.3%
for DENV-4 [P < .05]; Table 2).

More than 90% of the DENV IgG–positive mothers had de-
tectable levels of DENV-specific IgG1 subclass, which was effi-
ciently transferred to their newborn (TR, 103.3%; P < .05). On
the other hand, DENV-specific IgG4 subclass was detected in
nearly 65% of the DENV-specific IgG–positive mothers, and
its levels were significantly lower in the newborns as compared
to the mothers (TR, 97%; P < .05; Table 2), suggesting that its
transfer was not as efficient as that of IgG1.

Table 1. Main Characteristics of 376 Mother-Newborn Pairs

Characteristic Value

Mothers

Age, y 23.7 ± 6.2

Report of smoking habits during pregnancya 35 (10.0)

Infectious events during pregnancyb 159 (42.2)

Use of immunosuppressive or corticosteroids during
pregnancy

17 (4.5)

Macroscopic placental abnormalities 17 (4.5)

DENV immunityc

Monotypic

DENV-3 202 (53.7)

Multitypic

DENV-3/DENV-4 115 (30.6)

Other serotype combinations 20 (5.3)

Newborns

Birth weight, g 3 301 ± 370.0

Female sex 195 (51.9)

Data are no. (%) of participants or mean value ± SD.

Abbreviation: DENV, dengue virus.
a Data are missing for 27 participants.
b The occurrence of infectious events during pregnancy was documented by trained nurses.
c DENV immunity was determined by a plaque reduction neutralization test.

Table 2. Antibody (Ab) Titer and Placental Transfer Ratio (TR) of Dengue Virus (DENV)–Specific Immunoglobulin G (IgG), DENV-1–4 Serotype–Specific
Neutralizing Abs, and DENV-Specific IgG1 and IgG4 Subclasses in 376 Pairs of Maternal and Umbilical Cord Blood Samples

Serologic Variable

Maternal Sera (n = 376) Cord Sera (n = 376)

TR,b % P ValuecPositive, No. (%) Ab Titer,a Mean ± SD Positive, No. (%) Ab Titer,a Mean ± SD

DENV-specific IgG 373 (99.2) 4.82 ± 0.61 372 (98.9) 4.99 ± 0.63 103.8 <.05

DENV immunity

DENV-1 17 (4.5) 1.47 ± 0.24 22 (5.8) 1.48 ± 0.16 103.6 .53

DENV-2 10 (2.6) 1.51 ± 0.31 9 (2.4) 1.37 ± 0.10 92.7 .23

DENV-3 333 (88.5) 2.47 ± 0.66 340 (90.4) 2.63 ± 0.69 108.2 <.05

DENV-4 127 (33.7) 1.56 ± 0.44 151 (40.1) 1.70 ± 0.46 110.3 <.05

DENV-specific IgG subclass

IgG1 353 (94.6) 4.31 ± 0.64 354 (95.6) 4.40 ± 0.64 103.3 <.05

IgG4 241 (64.2) 2.56 ± 0.51 213 (56.9) 2.53 ± 0.53 97.0 <.05

Abbreviation: SD, standard deviation.
a Log transformed (log10).
b Calculated as follows: [newborn antibody titer/maternal antibody titer] x 100.
c Wilcoxon test (paired samples).
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Maternal Total IgG Levels and Placental Transfer of Total IgG and DENV
Antibodies
We quantified the levels of total IgG in the mother-cord pairs to
assess the effect of maternal total IgG levels on the transfer of
total IgG to the neonates. A positive correlation was found be-
tween levels of total IgG in the maternal and newborn samples
(r = 0.329; P < .0001; Figure 1A). Moreover, higher levels of total
IgG in the mothers were associated with a lower TR of these an-
tibodies to their newborns (r = −0.550; P < .0001; Figure 1B).
We also analyzed the correlation between maternal levels of
total IgG and the TR of DENV-specific antibodies to the neo-
nate. We found that higher levels of maternal total IgG antibod-
ies was negatively correlated with the TR of DENV-3
neutralizing antibodies (r = −0.126; P = .02) but not with the
TR of DENV-specific IgG (r = −0.011; P = .82). In addition,
the maternal TR of total IgG was negatively correlated with
TR of DENV-specific IgG4 (r = −0.135, P = .05) but not with
TR of IgG1 subclass (r = −0.054, P = .34).

Maternal DENV Immunity and Placental Transfer of DENV Antibodies
We investigated the role of maternal DENV immunity on the
transfer of DENV-specific antibodies across the placenta. Interest-
ingly, we found that the placental TRs of DENV-specific IgG (TR,
101.7% vs 103.9%; P = .02) and DENV-3 neutralizing antibodies
(TR, 104.3% vs 106.8%; P = .04) were lower in mothers immune
to >1 serotype (multitypic infection) as compared to those exposed
to only 1 serotype (monotypic infection; Table 3). The same pat-
tern was observed for the TRs of DENV-specific IgG1 and IgG4
subclasses, although results were not statistically significant.

Kinetics of Maternally Derived DENVAntibodies in the Prospective Cohort
To further characterize the kinetics of decay of maternally de-
rived DENV-specific antibodies, we randomly selected a subset

of independent serum samples obtained at birth (from the um-
bilical cord) and at 2, 4, 6, 8, 10, and 12 months of age from
healthy children with no evidence of current/previous DENV
infection who were born to DENV-3–immune mothers.

We first determined the antibody decay of DENV-specific
IgG (binding IgG) and neutralizing antibodies to DENV-3.
Maternally derived DENV-specific IgG was detected in
100% of cord serum samples and disappeared in 63.4%,
80%, and 94% of children by 6, 8, and 12 months of age, re-
spectively. In contrast, neutralizing antibodies to DENV-3
were detected in only approximately 7% of the infants by
the age of 6 months and were undetectable by the age of 8
months (Figure 2A).

Both levels of DENV-specific IgG (r =−0.777; P < .0001) and
DENV-3 neutralizing antibodies (r = −0.734; P < .0001) were
negatively correlated with age. Higher mean DENV-specific
IgG titers (±SD) were detected at birth (4.87 ± 0.54) and de-
clined to 3.84 ± 0.82, 1.32 ± 1.77, and 0.27 ± 1.04 at 2, 6, and

Figure 1. Levels of total immunoglobulin G (IgG) in paired maternal and umbilical cord blood samples. A, There was positive correlation between levels of total IgG in the
maternal and newborn samples (Pearson r = 0.329; P < .0001). B, There was a significant negative correlation between levels of maternal total IgG and the transfer ratio (TR) of
total IgG to the newborn (Pearson r =−0.550; P < .0001). The TR was calculated as follows: [newborn antibody titer/maternal antibody titer] x 100. The dashed lines show the
95% confidence intervals.

Table 3. Transfer Ratio (TR) of Dengue Virus (DENV)-Associated
Antibodies (Abs) and Previous Maternal History of Dengue

Serologic Variable

Transfer Ratio,a Median (Range)
P

ValuecMonotypicb Multitypicb

DENV-specific IgG 103.9 (68.4–141.9) 101.7 (75.3–137.7) .02

DENV-3 neutralizing Ab 106.8 (39.5–192.5) 104.3 (72.1–146.5) .04

DENV-specific subclass

IgG1 103.5 (76.0–175.4) 103.1 (73.8–137.3) .36

IgG4 98.0 (56.9–161.0) 95.1 (60.0–127.6) .16

Abbreviation: IgG, immunoglobulin G.
a Calculated as follows: [newborn antibody titer/maternal antibody titer] x 100.
b Determined by a plaque reduction neutralization test.
c By the Mann–Whitney test.
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12 months of age, respectively (P < .001; Figure 2B). The mean
titers (±SD) of DENV-3 neutralizing antibodies significantly
dropped from birth (2.35 ± 0.55) to 2 months (1.82 ± 0.58) and
4 months (1.03 ± 0.20) of age (P < .001; Figure 2C).

We assessed the kinetics of enhancing activity by maternally
acquired DENV-specific antibodies in serum samples obtained
from infants during their first year of life. Enhancing activity
was measured as the n-fold increase in the percentage of
DENV-infected cells relative to that in DENV-naive serum. In-
terestingly, the enhancing activity significantly increased by the
age of 2 months (1.96; range, 1.1–2.6), compared with the value
at birth (P < .0001), and rapidly declined at the age of 4 months
(P = .0035). No enhancing activity was detected in children
≥6 months of age (Figure 3).

DISCUSSION

Antibody responses play both pathogenic and protective roles
during DENV infection [27]. This ambiguous function is even
more evident in neonates, in whom maternally transferred
DENV-specific antibodies protect them during the first months

of life but can enhance DENV infection through antibody-
dependent enhancement and, thus, cause severe disease as their
titers drop to subneutralizing levels [4, 9, 10]. The mechanisms
involved in the transfer of maternal DENV-specific antibodies
to neonates are not fully understood. Here we unveiled the role
of maternal antibody levels and history of DENV infection on the
efficiency of DENV-specific antibody transfer to neonates, as well
as the kinetics of antibody decay during their first year.

We have previously demonstrated that the seroprevalence of
anti-DENV IgG among the parturients enrolled in this cohort
surpasses 90% [23]. Here, we showed that the study population
mostly comprised young adult mothers immune to DENV-3
alone (53.7%) or in combination with DENV-4 (30.6%).
Although immunity to DENV-1 and DENV-2 was present
among the DENV-immune mothers, it represented only 5%
of the cohort participants. These findings probably reflect the
epidemiological scenario of DENV circulation in Brazil in the
last 15 years. DENV-3 circulated predominantly in Brazil be-
tween 2002 and 2006, and DENV-4 circulated after its introduc-
tion in 2010 [5, 26, 28]. However, the dengue epidemiological

Figure 2. Decay of maternally transferred dengue virus (DENV)–specific antibodies in infants during the first year of life. A, The proportion of infants at each follow-up time
point with measurable levels of DENV-specific immunoglobulin G (IgG) and DENV-3 neutralizing antibodies. B and C, Antibody decay for DENV-specific IgG (B) and DENV-3 (C).
Abbreviation: NAb, neutralizing antibody.
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profile observed among our pregnant population is vastly dis-
tinct from that in studies of maternal transfer of DENV-specific
antibodies performed in Asian countries, where all 4 DENV se-
rotypes have cocirculated for >5 decades and mothers are usu-
ally immune to all serotypes [8, 10, 11, 29].

As observed by our group and corroborated by others [8, 10,
11, 29, 30], mothers efficiently transferred DENV-specific anti-
bodies to their infants. This finding reflects the active transport
of IgG across the placenta, a well-documented immune mech-
anism mediated by FcRn [15]. Additionally, this transfer was ef-
ficient among mothers immune to DENV-3 or DENV-4. Since,
in our study, there were a small proportion of mothers immune
to DENV-1 and DENV-2, it was not possible to compare the TR
between all DENV serotypes.

All DENV-specific IgG subclasses are detected in DENV-
immune individuals [21, 22] and cross the placental tissues
[12]. Although virus-specific IgG2 and IgG3 are found in DENV-
immune individuals, their roles in disease protection and path-
ogenesis are not clear. On the other hand, IgG1 and IgG4
subclasses have been implicated on the pathogenesis of severe
dengue [21]. Moreover, these IgG subclasses efficiently cross
the placenta, owing to their increased affinity to FcRn [15,
31], which is the reason why we focused on the transfer of
those subclasses. Our findings demonstrated that DENV-
specific IgG1 was more efficiently transferred than IgG4,
confirming the results of a previous study conducted among
mother-cord pairs in Thailand [12]. The abundance of
DENV-specific IgG1 and increased relative affinity to FcRn
over IgG4 may play a role on the increased efficiency of IgG1
to cross the placenta during pregnancy.

Maternal total IgG levels negatively influenced the transfer of
antibodies to neonates: as maternal IgG levels increased, the
transfer of total IgG, DENV-3 neutralizing antibodies, and
DENV-specific IgG4 subclass decreased. Such mechanism is
not exclusive to DENV-associated antibodies, since transpla-
cental transfer of several virus-specific antibodies [19, 20, 32]
is also influenced by maternal total IgG levels. This threshold
effect is even more evident in hypergammaglobulinemic moth-
ers [20, 33]. This reduced transfer is probably a consequence of
the high competition among IgG molecules for interaction with
a limited number of placental FcRn receptors [15]. Notably,
maternal total IgG levels did not influence the transfer of the
DENV-specific IgG1 subclass. We speculate that the higher
affinity of this subclass to the FcRn receptors probably plays a
role in the competition process, favoring the placental transfer
of IgG1 over that of IgG4. Moreover, transfer rates of both
DENV-specific IgG4 subclasses and DENV-3 neutralizing anti-
bodies were negatively correlated with maternal total IgG levels,
probably suggesting a role of IgG4 in mediating neutralization.

Interestingly, we found that previous maternal immunity
to DENV influenced the transfer efficiency of DENV-specific
IgG and DENV-3 neutralizing antibodies to neonates. The TR
of those antibodies was significantly lower among mothers with
a history of exposure to multiple DENV serotypes (multitypic
infection) when compared to mothers who experienced infec-
tion by a single DENV serotype (monotypic infection). Since
mothers exposed to several DENV serotypes have greater levels
of DENV-associated antibodies than mothers with history of a
single serotype infection, competition for the interaction with
FcRn receptors was possibly involved in this reduced transfer
of DENV-specific IgG observed among mothers exposed to
multiple DENV serotypes.

Our analysis of the maternal dengue profile revealed that
mothers from our study setting were mostly exposed to mono-
typic infections to DENV-3, which is why we focused our eval-
uation of the decay of maternally derived antibodies on a subset
of serum samples obtained from healthy children who had no
serological and/or virological evidence of DENV exposure and
were born to DENV-3–immune mothers. We demonstrated
that levels of DENV-3 neutralizing antibodies declined faster
than levels of DENV-specific IgG (virus-binding IgG) during
the first year, confirming the findings of a prospective birth co-
hort study conducted in infants from Vietnam [8]. This proba-
bly reflects the ability of the DENV-specific IgG assay to detect
the binding of IgG to other antigens (eg, prM/M) exposed on
the surface of the virus-coated wells of the ELISA plates,
while neutralizing antibodies are mainly directed to the enve-
lope protein [6, 8].

Of note, the loss of neutralizing antibodies among children
included in our study occurred sooner (in >90% children by 4
months of age), compared with different Asian cohort studies,
in which neutralizing antibodies decreased to undetectable

Figure 3. Kinetics of enhancing activity. Serum samples from children born to
dengue virus serotype 3 (DENV-3)–immune mothers were heat inactivated, mixed
with DENV-2 16681 (prototype), and cultured with K562 cells for 2 days. Shown
is the n-fold increase in the percentage of DENV-2–infected cells in children’s
sera, compared with that in Flavivirus-naive control serum. Sera from 2-month-old
infants provided significantly more enhancement than sera collected at any other
time point (P < .05, by the Mann–Whitney test).
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levels in around 80%–90% of children by 9 months of age [8, 29,
34]. Panhuis et al [34] showed that higher DENV-specific anti-
body levels at birth are associated with faster decay rates of
antibodies during the first years of life. Interestingly, FcRn re-
ceptors are the molecules responsible for both placental transfer
and recycling of IgG into the blood circulation [15]. Thus, we
cannot exclude the possibility that the mechanism of competi-
tion for IgG binding might play a role in the faster decay rates
observed in the presence of high levels of IgG at birth. More-
over, based on our evidence that mothers exposed to monotypic
infections transfer greater levels of DENV-specific antibodies to
their neonates, it is reasonable to speculate that the differences
in decay rates may be related to maternal DENV immunity,
since Asian mothers are usually immune to all DENV serotypes
[8, 10, 11, 29] and probably transfer lower levels of DENV-
specific antibodies to neonates as compared to the mothers
from our setting.

In the prospective cohort, DENV infection (determined by
IgM analysis and/or RT-PCR analysis) varied from 7.3% to
11.5% during the first year of life [25], and none of the virolog-
ically/serologically confirmed dengue cases progressed to severe
dengue (unpublished data). Unlike Brazil, in Asia severe dengue
is a common problem among infants aged <1 year born to
DENV-immune mothers [3–5], and the decline of maternally
transferred DENV-specific antibodies to below neutralizing lev-
els has been implicated as a risk factor for severe dengue in in-
fants experiencing primary infection [4, 9, 10]. Consistent with
the faster decay of neutralizing antibodies, we demonstrated
that DENV infection–enhancing activity by maternally trans-
ferred DENV-specific antibodies occurs at earlier ages (approx-
imately 2–4 months) in children from our study setting. This
immunological window for enhancement of DENV infection
probably reduces the length of time that children would be vul-
nerable to developing severe dengue if exposed to a primary
DENV infection. In addition, infants at this age are normally
swaddled in clothes, reducing their exposure to the bite of mos-
quitoes [8]. These factors probably contribute to the reduced in-
cidence of severe dengue among infants in our study setting and
perhaps in Brazil. We acknowledge that different DENV attack
rates, virus virulence of the circulating serotypes, and/or genetic
background might also play a role.

In summary, we demonstrated that mothers were mostly im-
mune to DENV-3 alone and that this previous maternal immu-
nity profile was associated with increased placental transfer of
DENV-specific antibodies to neonates. Moreover, subneutraliz-
ing levels of DENV-specific antibodies capable of mediating an-
tibody-dependent enhancement are reached sooner in infants
from our study setting. These findings have implications in
the immunopathogenesis of dengue during the first months
of life in Brazilian children and might explain the lower rates
of severe dengue in infants observed in the Americas as com-
pared to those in Asian countries. Moreover, the data provide

useful insights about the age-related susceptibility and dynam-
ics of dengue transmission among infants in Brazil.
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