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Abstract. Infants are a vulnerable and unique population at risk for dengue in endemic areas. This report describes the
incidence and presenting clinical features of infant dengue virus (DENV) infections from a prospective community-based
study performed between January 2007 and May 2009 in the Philippines. DENV3 was the predominant infecting serotype
over a wide spectrum of disease severity, ranging from inapparent infection to dengue hemorrhagic fever (DHF). In 2007,
the incidence of inapparent DENYV infections during infancy was 103 per 1,000 persons person-years and 6-fold higher than
symptomatic dengue. The age-specific incidence of infant DHF was 0.5 per 1,000 persons over the age of 3-8 months, and
it disappeared by age 9 months. A febrile seizure, macular rash, petechiae, and lower platelet count were presenting clini-
cal features associated with DENV infection among infants with acute undifferentiated febrile illnesses. Community-based
studies can help to delineate the incidence rates, disease spectrum, and clinical features of DENYV infections during infancy.

INTRODUCTION

Dengue is caused by infection with any one of the four den-
gue virus (DENV) serotypes (DENV1-4), and it is the most
prevalent arboviral disease worldwide.'? DENV infections
cause illness in tens of millions each year throughout the trop-
ics and subtropics, severe morbidity in approximately 2 mil-
lion persons/year, and approximately 20,000 deaths/year.’ The
clinical manifestations of a DENV infection can range from
an inapparent or mild febrile illness to the more symptomatic
dengue fever (DF) to the potentially life-threatening illness,
dengue hemorrhagic fever (DHF). Classic DF is character-
ized by fever, headache, myalgias/arthralgias, and asthenia
as prominent symptoms. DF may be associated with severe
thrombocytopenia and clinically significant bleeding, but it
is rarely life-threatening.*> DHF is an entity characterized by
a transient and rapid increase in vascular permeability with
hemoconcentration, thrombocytopenia, and in the most severe
cases, hypovolemic shock and coagulopathy.'¢

Primary infection with a DENV serotype generates long-
term protective immunity against the homologous serotype.
PrimaryDEN Vinfectionsinfrequentlyproducelife-threatening
disease in children and adults. After a short period of cross-
protection, individuals who have recovered from a primary
DENYV infection are then fully susceptible to infection and
disease by heterologous serotypes (secondary infection).”®
The relative risk of developing severe disease and DHF is
enhanced by sequential, heterologous DENV infections.’!!
As such, dengue disease characteristics and severity have
been extensively studied in children and adults with second-
ary infections. Primary DENV infections in infants may have
unique clinical characteristics*'?> and more readily lead to
DHF and life-threatening illness than in older children and
adults.’** We are conducting a prospective clinical study in the
Philippines of DENV infections during infancy. This ongoing,
community-based study provides a unique and broad perspec-
tive on infant dengue. Here, we present the initial report of
incidence rates, disease-severity characteristics, and present-
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ing features of infant DENV infections captured in our pro-
spective study.

MATERIALS AND METHODS

Ethics statement. The study protocol was approved by
the institutional review boards of the Research Institute
for Tropical Medicine, Philippines, and the University of
Massachusetts Medical School. Mothers and their healthy
infants were recruited and enrolled after providing written
informed consent. The clinical study is registered at www
.clinicaltrials.gov (Identifier NCT00377754).

Study design. The prospective clinical study is being
conducted in San Pablo, Laguna, the Philippines—a semi-
urban community south of metro Manila. Study enrollment
began in October 2006, and surveillance for acute febrile
illnesses began in January 2007. The infants with acute
febrile illnesses in this report were identified in surveillance
between January 2007 and May 2009. Healthy infants were
enrolled in the study between the ages of 6 and 18 weeks
old. Clinical and epidemiological data and a blood sample
were collected at the enrollment study visit. Clinical and
epidemiological information and a second blood sample
were next collected from infants at their second study visit
between the ages of 4 and 7 months. A third study visit and
blood sample collection were arranged for a subset of 250
infants in December 2007. These 250 infants were randomly
selected from infants < 16 months old in December 2007 with
two prior study visits before the onset of the rainy season and
without any reported febrile illnesses between January 2007
and December 2007. We conducted surveillance year-round
for hospitalized acute febrile illnesses in study infants across
the seven hospitals serving San Pablo. During the rainy
seasons (June-November), mothers were encouraged to
bring their infants to the San Pablo City Health Office for
evaluation of outpatient febrile illnesses. Acute illness and
convalescent-phase (day 14) blood samples were obtained
from study infants with febrile illnesses that did not have an
obvious source at time of presentation (e.g.,lobar pneumonia,
bacterial meningitis, or pyelonephritis). Routine clinical
information was abstracted daily during any hospitalization
and at the acute and convalescent time points for all febrile
study infants. Additional details of the study protocol and
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information on some of the infants in this report have been
previously published.?

Identification and characterization of DENYV infections.
A DENV infection was identified in febrile infants by serotype-
specific reverse transcriptase-polymerase chain reaction
(RT-PCR) in acute-phase sera'® and DENV IgM/IgG enzyme-
linked immunosorbent assay (ELISA)Y in paired acute and
convalescent phase sera. Primary or secondary DENV infections
were identified by previously established serologic criteria
for the paired IgM/IgG ELISA results."” The infecting DENV
serotype was identified by RT-PCR for all except one of the
symptomatic infants. A sample for RT-PCR was not collected
for this infant, but a monotypicrise in anti-DENV3 neutralizing
antibody titers was seen in the paired acute and convalescent
phase sera. Serial blood samples (study visits 1,2, and 3) from a
subset of 250 infants without reported febrile illnesses in 2007
were screened for evidence of clinically inapparent DENV
infection using a hemagglutination-inhibition (HAI) assay to
DENV1-4 and Japanese encephalitis virus (JEV).!® Infants with
a > 4-fold rise in DENV HALI titers between two time points
were then tested by plaque-reduction neutralizing-antibody
assay to DENV1-4 and JEV.'’ A primary DENV infection was
identified by a > 4-fold rise in DENV 50% plaque-reduction
neutralization titers (PRNT, ) between two time points with
a monotypic pattern.!” The DENV serotype with the highest
PRNT, in a monotypic pattern was assumed to be the serotype
that produced the clinically inapparent infection.

Laboratory and radiographic investigations for hospitalized
infants with DENV infections were directed by the treating phy-
sicians. There were at least three serial determinations of hema-
tocrit and platelets performed for all the hospitalized infants
that covered the period of defervescence. Hemoconcentration
was measured by comparing the maximum recorded hemat-
ocrit (around the time of defervescence and platelet nadir)
with the minimum recorded hematocrit at either the begin-
ning or end of hospitalization. None of the infants received red
blood cell or whole blood transfusions. Hospitalized infants
with DENV infection were classified as having DHF only when
review of their clinical course and all clinical data strictly met
the World Health Organization (WHO) classification criteria.'
Hospitalized infants with DENV infection that did not strictly
meet the above criteria were classified as having DF. All the
non-hospitalized infants with DENV infections had mild self-
resolving febrile illnesses less than 1 week in duration.

Statistical analysis. SPSS (version 17.0) software was used
for the statistical analyses. Parametric tests (student’s 7 test and
ANOVA) were used for comparisons and correlations among
normally distributed variables. Wilcoxon ranked-sum and
Kruskal-Wallis tests were used for comparisons of variables
that were not normally distributed. Pearson ? test was used for
comparisons of categorical variables among disease-severity
groups. A logistic regression model was used to determine the
multivariate odds ratios for categorical and ordinal variables.
Mean, median, and proportional values are presented with
their respective 95% confidence intervals (CIs) in brackets.
P values < 0.05 were considered significant; P values > 0.05 and
< 0.10 were considered a non-significant trend.

RESULTS

Incidence of infant DENYV infections during 2007 in San
Pablo, Philippines. Infants (4,441) and their mothers partici-

pated in the prospective study of DENV infections between
January 2007 and January 2008. We captured 353 infants with
acute undifferentiated febrile illnesses during surveillance in
this time period. Forty (11%) of these acute febrile illnesses
were caused by DENV infections. We also screened a subset
of 250 study infants without reported febrile illnesses between
January 2007 and December 2007 and identified 20 (8%)
with inapparent DENV infections. The incidence rate of
inapparent infant DENV infections in our study during 2007
was 103/1,000 person-years (64-155; mean [95% CI]) and
6-fold higher than the incidence rate of symptomatic infant
DENYV infections (16/1,000 person-years; 11-22; mean [95%
CI]). The incidence rates of hospitalized and outpatient
symptomatic infant DENV infections were equivalent in
2007 (approximately 8/1,000 person-years). The age-specific
incidence of symptomatic DENV infections without DHF
varied between 0.7/1,000 (0-1.6) and 2.8/1,000 (0-6.7) in ages
of 2-15 months. The age-specific incidence of infant DHF was
0.5/1,000 (0.2-0.8) in ages of 3-8 months. There were no DHF
cases seen in infants > 9 months old (Figure 1A).

Clinical characteristics and disease severity of infant DENV
infections. From January 2007 to May 2009, we have identified
42 infants with symptomatic DENV infections and 20 infants
with inapparent DENV infections in our prospective study.
DENV3 was the predominant serotype among the symptom-
atic (37/42) and inapparent (15/20) infant dengue cases. All
the inapparent and all the symptomatic cases except one
were primary DENV infections (Table 1). The severity of
symptomatic DENV infections during infancy ranged from
mild outpatient febrile illnesses (N = 19) to hospitalized
DF (N = 14) to hospitalized unambiguous DHF (N = 9, all
primary infections). Five of the infants with unambiguous
DHF had dengue shock syndrome (DSS), including one infant
who died. The remaining four infants were classified as DHF
grade I with hemoconcentration ranging from 27% to 44%
(one DHF Grade I infant also had a large pleural effusion
on a chest radiograph). Hypotension or hemoconcentration
occurred around the time of defervescence in eight of nine
DHF infants. One DHF infant had prolonged fevers, and
another had a biphasic febrile illness. None of the DENV-
infected infants had clinically significant bleeding. One
hospitalized infant had mild hematemesis, and another had
mild epistaxis. Only 1 of 42 symptomatic DENV-infected
infants developed a classic dengue convalescent rash. The
most common initial clinical diagnosis given to infants with
DENV infections was a respiratory illness (upper respiratory
infection, bronchitis, or pneumonia; Table 1). The modal age
for infants with symptomatic dengue was 8 months. The infants
with unambiguous DHF were younger than the symptomatic
infants without DHF (median ages DHF versus not DHF were
175 versus 241 days old, respectively; P = 0.04; Figure 1B). The
same trend was seen when only primary DENV infections
were included (median ages primary DHF versus not DHF
were 175 versus 240 days old, respectively; P = 0.05).

Initial signs and symptoms in febrile DENV-infected
infants. We compared the presenting signs and symptoms in
the 42 symptomatic DENV-infected infants with 423 non-
dengue acute undifferentiated febrile illnesses captured over
the same time period (Table 2). The duration of fever before
presentation was similar between the two groups (2-3 days).The
most common presenting signs and symptoms in infants with
dengue and non-dengue acute febrile illnesses were respiratory
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Ficure 1. (A) Age-specific incidence of symptomatic DENV
infections in infants. Black filled bars, hospitalized DHF; gray filled
bars, hospitalized DF; open bars, mild outpatient dengue illness. (B)
Age distribution of infants with symptomatic DENYV infections. Black
filled bars, number of hospitalized infants with DHF; open bars, num-
ber of symptomatic infants without DHF (hospitalized and non-
hospitalized).

(cough and/or nasal congestion and dyspnea), circulatory
(cold hands and feet), and gastrointestinal (vomiting/spitting
up and refusal to feed). The frequency of these presenting
symptoms was not significantly different between infants with
dengue or non-dengue acute febrile illnesses. A recent febrile
seizure, drowsiness/lethargy, petechiae, and a macular rash on
presentation were significantly and independently associated
with a DENV infection (Table 2). There was a non-significant
trend toward fewer days of fever and lower mean temperature
on presentation in the infants with mild outpatient dengue
compared with those with hospitalized DF or DHF (Table 2).
Cough and/or nasal congestion were reported more frequently
in the infants with mild outpatient dengue (90%) than in those
with hospitalized dengue (hospitalized DF =43 %, hospitalized
DHF =33%; P=0.003).No other presenting signs or symptoms

were significantly different among the symptomatic dengue-
disease severity groups.

Laboratory and serological data in febrile DENV-infected
infants. Complete blood counts were obtained at the time
of presentation in 31 primary DENV-infected febrile infants
and 43 infants with non-dengue acute undifferentiated febrile
illnesses. All of the non-dengue infants in this subset were
hospitalized. Mean platelet and leukocyte counts were lower
at the time of presentation in the febrile infants with dengue
compared with those without dengue. There was also a non-
significant trend toward a higher percentage of mononuclear
leukocytes (lymphocytes or monocytes) in the DENV-infected
infants. In a logistic regression model, the odds of a febrile
infant having a DENV infection increased 2-fold for every
100,000/mm? decrease in the platelet count on illness presen-
tation (Table 3).

We detected a positive DENV IgM in acute- or convalescent-
phase sera in 34 of 41 (83%) of the infants with primary
DENYV infections. A positive DENV IgM was most likely to
be found in infant sera collected = 5 days and < 30 days from
the reported onset of illness (Figure 2). In two infants, DENV
IgM levels were below the positive threshold in sera collected
3 and 13 days after reported illness onset. In one infant, serum
samples were collected 1, 11, 17, and 30 days after dengue ill-
ness onset. The DENV IgM became positive 11 days after
illness onset, but it dropped below the positive cutoff level
6 days later (17 days after illness onset). These cases illustrate
the potentially narrow window of IgM seropositivity in infant
primary DENV infections.

DISCUSSION

We have examined the incidence rates and clinical char-
acteristics of DENV infections in infants participating in a
prospective community-wide study in San Pablo, Laguna, the
Philippines. Previous studies have described clinical and labo-
ratory features of dengue in infants, but they have been based
on cohorts from referral pediatric hospitals.*2222 Qur study
has captured a wide spectrum of clinical disease severity
among infants with DENYV infections ranging from inappar-
ent infections and mild outpatient febrile illnesses to hospital-
ized DF and unambiguous hospitalized DHF/DSS. DENV3
was the predominant infecting serotype in the symptomatic
and inapparent cases in this report. All the infant dengue
cases except one were primary DENV infections. Most of
the infant DENV infections in this report occurred in 2007
when there was a high level of dengue activity throughout the
Philippines.

Between January 2007 and January 2008, we found that
the overall incidence of DENYV infections in infants 2-
15 months old was nearly 12% (119/1,000 person-years;
75-177). Asymptomatic or very minimally symptomatic
DENYV infections accounted for the majority of this high
incidence rate (87%; 74-93%), which has been previously
observed in older children with primary or secondary DENV
infections.”? The incidence rates of hospitalized and non-
hospitalized symptomatic dengue in infants were equivalent
(8/1,000 person-years). The overall infant dengue hospital-
ization rate in our study during 2007 was similar to what was
first reported from Bangkok in 1964 (5/1,000 person-years)'
but lower than a 2001 dengue outbreak in French Polynesia
(15/1,000 person-years).?* The peak number of symptomatic
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TaBLE 1
Characteristics of infants with DENV infections (January 2007 to May 2009)

Symptomatic DENV infection* (N = 42)

Hospitalized (N = 23)

Inapparent DENV

Study subject characteristics DHEF" (N =9) DF" (N =14) Outpatient (N =19) infection (N = 20)
DENVI:N =1 DENV2:N =5
DENV serotypes DENV3:N=9 DENV3:N=14 DENV2: N =4 DENV3:N =15
DENV3: N =14
N o . . N 1N =13 o o
1° or 2° DENV infection 1°N=9 o N=1 1°°N=19 1°:N=20
Gender ratio (male/female) 6/3 8/6 11/8 10/10 P=09
Respiratory illness: N =9 Respiratory illness: N = 13
Dengue: N=8 Fever, unknown etiology: N =2

Febrile seizure: N =3
Viral infection: N =2
Acute gastroenteritis: N = 1

Initial clinical diagnoses

Dengue: N =1

Viral exanthem: N =1
Herpangina: N =1
Impetigo: N =1

*Infants with symptomatic and inapparent DENV infections were identified as described in Materials and Methods.

primary dengue cases in our study was seen around 8 months
of age. All the infants with unambiguous DHF had primary
DENYV infections, were clustered between 3 and 8 months
old, and had a slightly lower median age than symptomatic
infants without DHF. These observations are generally con-
sistent with what has been previously described for infant
dengue and DHF.'*?22* In our study, there were no significant
differences in the age-specific incidence of DHF over the age
range 3-8 months. However, we cannot identify potentially
significant differences in age-specific DHF incidence rates for
2007 < 2.1/1,000. In two previous studies, the age-specific inci-
dence rates of infant DHF were reported to peak around 7-
9 months of age.'*** In these population-based studies, monthly
age-specific incidence rates were estimated using clinical den-
gue diagnoses divided by one-twelfth of available census data
for infants < 1 year of age.!'* The latter assumption ensures
that the age distribution curves for the number of cases, and
incidence rates are identical in these studies. In our prospec-
tive study, age-specific incidence rates were more accurately
determined using laboratory-confirmed dengue cases divided

by the actual number of study infants in a monthly age group
during the surveillance period. We speculate that the true age-
specific incidence rates of DHF over the first 6 months of life
(i.e., number of DHF cases per unit of person-time at risk)
are underestimated in this prospective study and the previ-
ous population-based studies. The numbers of infants suscep-
tible to DENV infection (i.e., those at risk) are more likely
to be overestimated in younger infants (e.g., 2-4 months old)
than older infants (e.g., 7-10 months old), because younger
infants are more likely to have protective levels of maternally
derived anti-DENYV antibodies.”® Continued prospective stud-
ies of infant dengue along with reliable correlates of immune
protection will be needed to better assess the true age-specific
incidence rates of DHF during early infancy.

The presenting signs and symptoms of DENV-infected
febrile infants were generally similar to other infants with non-
dengue acute undifferentiated febrile illnesses. The majority
of febrile infants in both groups presented with some respi-
ratory tract symptoms, particularly those with mild outpatient
illnesses. The prominence of respiratory tract symptoms in

TABLE 2

Signs and symptoms at illness presentation

Non-dengue acute

Multivariate odds

Mild outpatient

Sign/symptom at illness febrile 1llnesses Symptomatic Univariate ratio(95% CI) for Hospitalized Hospitalized dengue illness Univariate
presentation (N=423) dengue (N =42) P values* symptomatic dengue DHF (N =9) DF (N =14) (N=19) P values*

Age (months) median

(95% CI) 7.9(7.4,8.4) 7.2 (5.8,8.3) -
Gender (male/female) 242/181 25/17 -
Days of fever before

presentation

median (95% CI) 2.0 (2.0,2.0) 3.0 (2.0,3.0) - 3.0(1.0,5.0) 3.5(2.0,5.0) 2.0(1.0,3.0) P=0.05
Temperature (°C)

mean + SD 38.7+0.6 38.8 +0.6 - 39.1+0.4 39.0+0.8 38.6 + 0.6 P=0.07
Cough and/or nasal

congestion 70% 64% - 33% 43% 90% P =0.003
Cold hands and feet 51% 57% - 56% 43% 63% -
Dyspnea 33% 26% - 33% 14% 32% -
Vomiting/spitting up 31% 43% - 22% 50% 47% -
Refusal to feed 27% 36% - 22% 43% 37% -
Macular rash 19% 48% P <0.001 4.2(2.1,8.7) 67% 50% 37% -
Drowsiness/lethargy 14% 31% P =0.006 2.6(1.2,5.7) 33% 29% 37% -
Flushing 9% 21% P=0.01 2.0 (0.8,5.0) 11% 43% 11% P =0.06
Febrile seizure 5% 21% P =0.001 8.1(3.2,20.9) 22% 29% 16% -
Petechiae 3% 12% P=0.01 4.8(1.3,17.1) 11% 21% 5% -
Agitation 3% 7% - 22% 7% 0% -

* P values > 0.10 are not shown (-).
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We recognize that some hospitalized infants classified as
DF in our study may have met the WHO criteria for DHF
Grade I/II with more intensive investigations. Most reports
of infant dengue from referral pediatric hospitals have classi-
fied 95-100% of hospitalized infants as having DHF.%!22! Our
study has painted a more complete picture of an “iceberg”
distribution for the manifestations of primary DENYV infec-
tions during infancy. The vast majority of primary DENV
infections during infancy were inapparent (i.e., asymptomatic
or very mildly symptomatic). Among the 10-25% of infants
with symptomatic dengue after primary DENV infection,
approximately one-half were mild outpatient febrile illnesses
and one-half were hospitalized in the community setting.
Among these hospitalized infants, approximately one-half
had obvious DHF or DSS. DENV3 was the pre-dominant
infecting serotype in this report. The current data provide a
foundation for comparisons of the disease-severity spectrum
in primary DENV3 infections during infancy, childhood, and
adulthood. Future data from the ongoing clinical study should
also help to determine if the dengue-disease spectrum will be
similar for primary infections caused by other serotypes dur-
ing infancy.

DENYV IgM ELISA assays are a common laboratory diag-
nostic test used by clinicians during acute febrile illnesses in
infants. IgM does not cross the placenta, and it is a reliable
marker of the infant’s primary immune response. We found
that DENV IgM levels were likely to remain below a well-
established positive threshold within the first 5 days of illness
in primary DENV-infected infants. Positive DENV IgM values
were generally seen between 5 and 30 days after illness onset.
However, several cases captured in this study highlighted that
the window of IgM seropositivity in an infant with a primary
DENV infection may be quite brief and easily missed with
limited testing. The direct detection of virus (RT-PCR) or viral
antigen (NS1) in infant sera? is likely to become increasingly
available for clinicians in dengue-endemic countries, and it
may prove to be especially useful within the first 5 days of ill-
ness. Prospective studies of infant dengue provide the oppor-
tunity to better understand DENYV transmission in households
and communities and better delineate the clinical and labo-
ratory features of dengue over a broad spectrum of disease
severity in this vulnerable population.
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