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     INTRODUCTION 

 Dengue is an acute, arthropod-borne, flavivviral disease 
that occurs in a global belt of tropical and subtropical coun-
tries. Illness is caused by one of four serotypes of dengue virus 
(DENV) and spread by  Aedes  species mosquitoes, most com-
monly  Ae .  aegypti . The disease is most commonly a febrile 
illness with headache, rash and musculoskeletal pain, but is 
remarkable because the severe manifestations, dengue hem-
orrhagic fever and dengue shock syndrome, typically occur in 
those who become infected either in the face of waning mater-
nal antibody or after secondary infection in which immunity 
to the infecting strain has decreased to sub-neutralizing lev-
els. A mechanism proposed for this association is antibody-
dependent enhancement, a process of facilitated uptake of 
virions bound to non-neutralizing antibody by Fc receptor-
bearing cells such as monocytes and dendritic cells, the pri-
mary targets for DENV replication. 1  The consequent increase 
in DENV replication results in vascular permeability, hemor-
rhage, and/or vascular collapse. Differences among DENV 
strains and host physiologic conditions and the genetic back-
ground of the host also contribute to disease presentation. 2–  5  

 Port-au-Prince, the capital of Haiti, is remarkable for its pov-
erty, crowded urban lifestyle, tropical climate, and poor sanita-
tion, all of which would be predicted to lead to a high vector 
density. Infection with DENV has been repeatedly noted 
to cause febrile illness in travelers and military deployed in 
Haiti. 6,  7  However, the clinical impact of dengue on the autoch-
thonous population is unclear. 8  Dengue has been reported to 
be hyperendemic in school age children in Haiti on the basis of 
antibody screening, which showed high prevalence of antibod-
ies to all four DENV serotypes. 9  

 Remarkably, the most severe manifestations, dengue hem-
orrhagic fever and dengue shock syndrome, have not been 
described or recognized by pediatric practitioners in Haiti. 
A possible explanation is the pattern of less severe disease in 
persons of African descent that has been noted in Cuba and 
in Africa. 10  Despite the absence of clinically recognized den-

gue, infants and young children in Haiti have a higher mortal-
ity rate for children less than five years of age than anywhere 
else in the Western Hemisphere (80/1,000 live births), 11  and 
many of these deaths are accompanied by unexplained, febrile 
illness. 12  The current study begins to define the epidemiology 
and potential impact of dengue in infants and young children 
in Haiti by looking at the imprint of prior infection by measur-
ing the frequency and titer of neutralizing antibodies to each 
of the four DENV serotypes in infants and young children 
between the ages of 7 and 36 months. 

 Whereas dengue illness is rarely considered as a cause of 
febrile illness in Haiti, malaria is frequently considered in the 
differential diagnosis among adult and pediatric practitio-
ners, although laboratory-confirmed cases are uncommon in 
this population. In this study, each sample was also tested for 
malaria antibodies to estimate the relative frequency of infec-
tion of this vector-borne illness that is more commonly consid-
ered in febrile patients. 

   MATERIALS AND METHODS 

  Antibodies to DENV.   Venous blood samples were obtained 
During February–June 2007 at regularly scheduled visits from 
166 infants and young children born to human immunodefi-
ciency virus (HIV)–infected mothers at GHESKIO Center 
primarily to determine the HIV-status of the infant by contin-
ued detection or loss of maternal antibody to HIV-1. Serum 
was separated from blood samples after collection in Haiti and 
stored at –70°C from the time of acquisition until July 2007 
when they were shipped overnight on dry ice to Vanderbilt 
University. 

 Plaque neutralization assays were performed by using rep-
resentative strains for DENV serotypes 1–4, type 1 (Puerto 
Rico/94), type 2 (000 8372), type 3 (Yogyakarta), and type 4, 
(rDEN4Δ30 derived from Dominica/814669/81), as described. 13  
Briefly, serum samples were serially diluted four-fold starting 
at a dilution of 1:10 and mixed with equal volumes of virus 
containing 50 plaque-forming units of the respective strain to 
give an effective starting dilution of 1:20. After a 60-minute 
incubation for neutralization, the serum–virus mixture was 
inoculated onto confluent cultures of Vero cells in 24-well 
tissue-culture plates. After incubation for five days in an 
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atmosphere of 5% CO 2  at 37°C with a methylcellulose over-
lay, plaques were detected with serotype-specific antibodies, 
visualized with immunoperoxidase, enumerated, and a serum 
reciprocal geometric mean titer that inhibited 60% of the 
plaques was calculated by regression analysis of the results 
of the serial dilutions. The assay was identical to that used in 
the Laboratory of Infectious Disease (National Institute of 
Allergy and Infectious Diseases [NIAID], National Institutes 
of Health, Bethesda, MD). 14  Exchange of 20 serum samples 
from a DENV vaccine trial 15  determined that our results for 
serotype 4 were comparable to those obtained at the National 
Institutes of Health. This is an important consideration 
because variability has been shown in the DENV neutraliza-
tion assay. 16  

 A 60% reduction in plaques at the initial 1:20 dilution qual-
ified as a positive test result for a specific serotype. To dis-
count possible confounding residual maternal antibody in the 
youngest children studied, minimal titers > 100 in 7-month-old 
children, > 50 in 8-month-old children, and > 25 in 9-month-old 
children were required to be counted as a primary infection. 
This assumption is based on the observation that with DENV 
and many other viruses the half-life of placentally transferred 
viral antibody approximates 30 days and would compensate 
for even a titer in the mother as high as 12,800 at delivery. 17  
For calculation of geometric mean titers, values < 20 were 
assigned a value of 10. The highest strain-specific titer was usu-
ally 10–100-fold higher than to other strains and was assumed 
to be a response to the infecting strain, although the titer was 
recognized to potentially be influenced by time since infec-
tion, height of strain-specific responses, and boosting by repeat 
infections. 

   Antibodies to malaria and HIV.   To define the prevalence of 
malaria, antibodies in the same 166 serum samples were assayed 
at the Laboratory of Malaria and Vector Research (National 
Institute of Allergy and Infectious Diseases, National Institutes 
of Health) for antibodies to apical membrane antigen-1 to 
 Plasmodium falciparum  malaria as described. 18  This antigen 
is a marker of prior exposure to malaria, 17  a commonly 
postulated cause of febrile illness in children in Haiti. All 
serum samples were screened by using rapid whole blood 
HIV antibody tests (Determine HIV 1/2; Abbott Laboratories, 
Abbott Park, IL or Capillus HIV 1 and 2; Trinity Biotech, Bray, 
Ireland). 

   Data analysis.   For purpose of analysis, the children were 
divided into six-month age blocks (7–12 months, 13–18 months, 
etc.). The frequency and magnitude of strain-specific antibody 
to DENV were the primary data for analysis. 

    RESULTS 

 The GHESKIO Center, located in a densely populated, 
low-lying, urban area in Port-au-Prince, Haiti, serves primar-
ily as a site for HIV counseling, testing, and treatment of local 
populations. Housing was marginal even before the earth-
quake of January 12, 2010; many of the GHESKIO patients 
lived in adjacent slums (Cite de L’Eternal and Cite de Dieu) 
that had no electricity or sanitation, inadequate nutrition, 
and frequent flooding. Voluntary HIV testing performed for 
more than 27,000 persons per year demonstrates a 15% preva-
lence of HIV infection in the population served. More than 
8,000 persons are currently being treated with highly active 
antiretroviral therapy within the GHESKIO network. A spe-

cial emphasis is placed on the prevention of mother-to-child 
transmission of HIV, and children born to HIV-infected moth-
ers are carefully followed postpartum for evidence of HIV 
infection. 19  

  Participants and study design.   The age range of the children 
was 7–36 months (mean age = 18.6 months, median age = 16.9 
months, and intraquartile age range = 11.9–24.3 months). Of 
the 166 children, 76 were girls and 90 were boys. The children 
had recorded addresses throughout Port-au-Prince. Use of 
these samples, originally obtained to determine HIV status, for 
assays of DENV and malaria antibody and review of clinical 
histories was reviewed and approved by the GHESKIO, 
Vanderbilt University, and Cornell Institutional Review 
Boards under conditions in which the identity of the child 
remained anonymous. 

 Only two of the 166 patients were ultimately shown to have 
HIV. Thus, perinatally acquired HIV infection in the children 
did not substantially influence the results, although HIV infec-
tion is often a marker in a family in Haiti for poverty and sub-
standard living conditions. 

   Seroprevalence of neutralizing antibodies to DENV.   A total 
of 108 (65%) of 166 infants and young children had serum 
antibody to at least one DENV serotype ( Figure 1  and  Table 1 ). 
Twenty-six (53%) of 49 infants tested who were 7–12 months 
of age had already been infected. However, the percentage 
infected did not increase asymptotically and had reached only 
10 (65%) of 16 children who were 30–36 months of age. The 
pattern of acquisition raises the possibility that there had been 
lower levels of DENV transmission in the period 2–3 years 
prior to sampling, and that virtually all infections had occurred 
in the previous year. 

         Circulating DENV strains.   The dominant serotype-specific 
response within the composite of serotypes of each person 
was considered to represent the infecting serotype. By this 
criteria, three of the four serotypes were clearly shown to be 
circulating within this population; serotype 1 was the dominant 
serotype in 66 infants and young children (61%), serotype 2 
in 20 infants and young children (19%), and serotype 3 in 19 
infants and young children (18%). There were three instances 
in which antibodies to serotype 4 were the highest, which 
suggested that this strain, previously documented in Haiti, 20  
was also circulating although to a more limited extent ( Table 1 ). 
Even in children 7–12 months of age there was evidence of 
dominant antibody responses to types 1, 2, or 3. 

   Evidence for a broad heterotypic response.   Heterotypic, 
or non-dominant, antibodies were commonly detected and 
contributed substantially to the overall DENV immunity 
( Table 1 ). Many DENV-infected children had measurable 
levels of neutralizing antibody to multiple serotypes ( Figure 2 ). 
Of those infected, most had antibody against more than one 
serotype. Typical patterns of antibody responses are shown in 
 Figure 3 ; dominant serotype titers were often > 1,000 with 
a median titer of 466 to type 1, 428 to type 2, and 839 to 
type 3. The median titer to type 4 was lower at a dilution of 
1:125. In almost all cases, there is a dominant response with 
substantial diminution in the titer of the heterotypic response. 
The level of cross-reactivity seemed to be bidirectional and 
each strain was equally effective in generating cross-reactive 
antibodies. 

     Evidence for reinfection.   Arguments for reinfection based 
on a cross-sectional serostudy are weaker than they would 
be with prospective and serial samples but two observations 
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argue against frequent reinfection in this hyperendemic 
setting. The first observation is that the geometric mean titer 
of the antibody to three most prominent serotypes showed 
no significant increase with age ( Table 1 ). One might have 
predicted a continued and significant increase with repeated 
infections to different serotypes. The second observation is 
that only three children had comparable titers to two DENV 
serotypes, which might be interpreted as serial infections. 

   Malaria serosurvey.   Malaria antibodies to apical membrane 
antigen-1 were detected in only 2 of the 166 children tested. 
Although not a perfect measure of malaria exposure, this 
finding suggests that dengue has a far greater prevalence than 
 P .  falciparum  malaria in the age group and during the seasons 
studied. This finding is corroborated by the rarity with which 

positive malaria smears are seen at GHESKIO. In spite of 
requesting 5–7 smears a week from the pediatric population, a 
positive malaria smear is reported less than once a month. 

    DISCUSSION 

 A well-standardized and quantified serotype-specific DENV 
plaque neutralization assay was performed on carefully stored 
clinical samples from pediatric sera and demonstrated that 
DENV infection in the urban poor in Haiti is hyperendemic. 
Most children 7–12 months of age had already experienced 
a DENV infection with one of at least three types, DENV 
types 1, 2, and 3. Infection with a strain gave not only high 
strain-specific antibody but appears to induce cross-reactive 

 Figure 1.    Antibody to dengue virus within each age group during the period sampled, Haiti. Each line represents the prevalence of the serotype 
indicated, and the top line represents the combined prevalence of antibody to any dengue serotype.    

 Table 1 
  Serotype-specific antibody to dengue virus as a function of age, Haiti *   

Dengue virus serotype Derivation and height of antibody

Age groups in months (no. in sample)

7–12 (49) 13–18 (48) 19–24 (31) 25–30 (22) 31–36 (16) All age groups (166)

1 Dominant 32% (15) 54% (26) 39% (12) 36% (8) 31% (5) 40% (66)
GMT 357 448 591 615 452 465
(95% CI) (209–608) (290–691) (364–960) (289–1,310) (113–1,803) (366–591)
Cross-reactive 12% (6) 8% (4) 19% (6) 32% (7) 19% (3) 16% (26)

2 Dominant 15% (7) 6% (3) 10% (3) 18% (4) 19% (3) 12% (20)
GMT 257 607 1286 308 389 411
(95% CI) (46–1,428) (41–9,009) (250–6,616) (12–8,043) (141–1,077) (203–831)
Cross-reactive 20% (10) 38% (18) 35% (11) 46% (10) 43% (7) 34% (56)

3 Dominant 6% (3) 10% (5) 13% (4) 18% (4) 19% (3) 11% (19)
GMT 467 467 815 909 1807 678
(95% CI) (218–1,002) (218–1,002) (105–6,316) (200–4,129) (751–4,351) (391–1,176)
Cross-reactive 31% (15) 40% (19) 42% (13) 46% (10) 25% (4) 37% (61)

4 Dominant 2% (1) 0 3% (1) 0 5% (1) 2% (3)
GMT 33 125 280 133
(95% CI) NA NA NA (4-4785)
Cross-reactive 12% (6) 15% (7) 23% (7) 22% (5) 12% (2) 16% (27)

  *   GMT = geometric mean titer; CI = confidence interval; NA = not available.  
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neutralizing antibody to the one or more other DENV sero-
types. There was no significant increase in geometric mean titer 
with age. This finding, coupled with the rare instances in which 
equivalent titers were seen against more than one strain, sug-
gests that broad immunity may be induced by primary infec-
tion regardless of strain. If reinfection with a heterotypic virus 
occurred independently of initial infection, one might have 
expected to see multiple comparably high antibody titers. 

Thus, one possibility raised by this survey is that frequent early 
exposure to DENV with resultant broadly cross-neutralizing 
antibody creates an environment in which serious dengue is 
limited. 

 Contrary to the absence of the diagnosis of dengue infec-
tion in infants in Haiti, the age range of 7–12 months is con-
sidered a special risk period for infants in southeast Asia; 
severe dengue disease is reported to increase as maternal 

 Figure 2.    Breadth of heterotypicity of the antibody response to dengue virus, by age group, Haiti. Serum samples that did not demonstrate sig-
nificant evidence of neutralizing antibody to any dengue virus serotype were counted as not infected, serum samples with antibodies against only 
one serotype were considered to be monotypic, antibodies against two serotypes as ditypic, antibodies against three serotypes of tritypic, and anti-
bodies against all four serotypes as quadritypic.    

 Figure 3.    Relationship between serotypes in terms of cross-reactivity for antibodies to dengue virus, Haiti. Cross-reactivity is demonstrated by 
the sloping lines between dominant type and heterotypic titers.    
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antibody wanes to a sub-neutralizing titer. 7  Notably, the genetic 
phenotype and nutritional status of host and differing viru-
lence of DENV subtypes contribute to disease phenotype. 21  
In particular, severe dengue illness appears to occur less fre-
quently in people of African descent. 10,  22  Possibly, Haitians are 
genetically or in some way protected from severe disease. 

 Alternatively, it may be that clinical dengue is present but 
under-diagnosed in the population in Haiti. There is a high 
rate of infant mortality that correlates with the period of rapid 
acquisition to antibody to DENV. Poor access to care, lack of 
awareness of dengue, and difficulty in visualizing dermato-
logic manifestations in darker-skinned persons are all factors 
that could contribute to a lack of recognition of clinical den-
gue. Our data significantly extend observations made in the 
Carrefour District of Port-au-Prince that school age children 
have had extensive experience with dengue, as shown by end-
point measurement of antibody titers and by demonstrating 
DENV exposure in infancy. 7  

 A nationwide survey of children 0–4 years of age with fever 
for antibodies to dengue and positive malaria smears was con-
ducted in June 2007 (Enquête Nationale sur la Prévalence 
du Paludisme et de la Fièvre Dengue, unpublished data). 
In that survey, 5.9% of children 0–4 years of age had IgM 
against dengue, and 1.3% had positive malaria smears in the 
Ouest Department in which Port-au-Prince is located. This 
survey may under-represent DENV infections as a cause of 
febrile illness because only those patients with fever longer 
than five days would be expected to be detected by the IgM-
based enzyme-linked immunosorbent assay used in the sur-
vey. Further confounding the diagnosis of DENV infection by 
IgM is that a recent study in Leogane, a coastal town south of 
Port-au-Prince, showed that 36% of randomly selected adults 
had IgM against DENV. 23  These three studies each demon-
strate evidence of frequent infection with DENV in the popu-
lation of Haiti. However, a correlation with clinical disease is 
unclear. 

 The observation that approximately 50% of urban children 
in Haiti experience infection with DENV in the first year of 
life distinguishes Haiti as having the highest recorded DENV 
infection rate in infancy. In contrast, neutralizing antibody to 
any DENV serotype was found in 12% of two-year-old chil-
dren in Thailand. 24  Seroprevalence to any DENV serotype in 
two-year-old children olds varied from 22% to 40%, as deter-
mined by an enzyme-linked immunosorbent inhibition assay 
over a four-year period, in Nicaragua. 25  The high seropreva-
lence in Haiti would be consistent with the observation that 
DENV is a marker for the high degree of urban poverty and 
disruption of social services that characterized Port-au-Prince 
even before the recent earthquake. 26  

 The relative importance of dengue and malaria cannot be 
fully assessed from this study but the infrequent detection of 
malaria antibodies and the relative rarity of positive malaria 
smears at the GHESKIO clinic suggest malaria is not a domi-
nant cause of febrile illness. The incidence of malaria in Haiti 
is reported to be decreasing. 27  

 A retrospective review of patient charts was not revealing 
except to indicate the need for a systematic, prospective study. 
Obstacles encountered included incomplete clinical records 
during a period of transition from paper to electronic records, 
the presentation of patients only after prolonged periods of 
fever, and the absence of diagnostic tests for dengue used by 
this clinic. A model for assessing the impact of dengue has 

recently been implemented in Nicaragua in children more 
than two years of age. 28,  29  

 Such careful prospective, denominator-based, clinical stud-
ies are necessary to determine the extent of severe clinical 
disease associated with acquisition of dengue in infants and 
young children in Haiti. Studies will need to be coupled with 
active case surveillance, molecular-based diagnosis, detailed 
study of the vector, risk factors in the environment, and serial 
serologic determinations. 

 Given the rapid acquisition of dengue in the first year of life, 
it is of interest that approximately one-third of the population 
were still seronegative at three years of age. Their protection 
from infection could be explained by circulation patterns of 
DENV but also may be caused by protected water supplies 
or the use of bed nets or screens. A recent study in Haiti sur-
prisingly showed a 50% reduction in IgM against dengue in 
a community that used bed nets in spite of the diurnal biting 
patterns of  Ae. aegypti . 30  

 This study was a cross-sectional prevalence study of a 
sample set obtained for a different purpose, determination 
of HIV status. Urban poor comprise most of the population 
in Port-au-Prince. Mothers in Haiti who are HIV infected 
often fall within that strata, and there is no reason to postu-
late that exposure of their families to DENV will be mark-
edly different than in families without HIV infection. Plotting 
of population dwelling places shows a broad distribution 
of acquisition of antibodies to DENV throughout Port-au-
Prince and no unusual clustering of the DENV-seropositive 
persons. 

 The short window of five months in which samples were 
obtained collected the young age of the patients prevent us 
from extrapolating the endemicity of DENV strains over time. 
Rainfall generally occurs each month in Port-au-Prince, and 
average rainfall typically exceeds 100 mm during April–June 
and August–October. 31  No information has been reported 
about the seasonality of dengue in Haiti. However, there is no 
question that substantial concurrent circulation of types 1, 2, 
and 3 occurred in the year before the samples were obtained, 
as shown by their respective antibody seroprevalence in chil-
dren 7–12 months of age. 

 We have inferred that the highest serotype-specific titer 
represents the infecting strain. As shown in  Figure 3 , almost all 
infected children had one strain to which their antibody titer 
was 10–100-fold higher than to other strains. Alternative expla-
nations would include that the highest titer represented the 
most recent infection because antibody will decay slightly over 
time or that secondary infection led to a boosted or anamnes-
tic response in antibody to the secondary strain. Other limita-
tions include the fact that strains used for neutralization may 
not have been a perfect antigenic match for DENV strains in 
Haiti. Further confirming DENV circulation, we were able to 
amplify DENV types 1 and 3 by using standard primers from 
adult serum samples obtained at the same time. 

 This study defines broad heterotypic immunity to wild-
type infection in a hyperendemic setting that left most of this 
young population with neutralizing antibody to the three most 
commonly circulating strains. The frequent immune response 
to primary infection in children less than one year of age 
indicates that dengue vaccination might have to be given in 
infancy, perhaps before the age of six months, to protect this 
vulnerable population. Encouragingly from our data, these 
young infants are capable of mounting a vigorous humoral 
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response. An intervention becomes important only if there is a 
more substantial clinical impact of hyperendemic dengue that 
has to date been appreciated. It can be speculated that limiting 
infection in early childhood might lead to more severe disease 
if the broad natural immunity demonstrated is lost. 

 Received June 4, 2010. Accepted for publication November 23, 2010. 
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