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ABSTRACT
For the first time this paper defines some of the factors involved in the development of dengue hemorrhagic fever
during the dengue-3 epidemic in Cuba. The secondary infection is confirmed to be the most important risk factor in
that epidemic, after 24 years of the primary infection with dengue-1, in contrast to the infection sequence dengue2/dengue-3 that showed no relationship. Tertiary infection was also related to the development of dengue hemorrhagic fever. The neutralizing antibody titers were different for strains of dengue-3 of the same genotype in a panel
of sera of late convalescent patients with both clinical epidemic conditions. Viremia was longer in the primary than
in secondary infection; the first neutralizing antibodies were not detected during acute phase, while in the secondary infection the neutralizing antibodies were detected after the fifth day, coinciding with the decline of the viremia.
In general, neutralizing antibodies reached lower levels in dengue fever patients, compared to those who developed dengue hemorrhagic fever.
Keywords: Cuba, dengue 3 epidemic, dengue hemorrhagic fever, secondary infection, neutralizing antibodies,
viremia, viral infection sequence, genotypes

Introduction
After more than 50 years without any outbreaks, dengue has gradually increased in most of North and South
American countries, with more than one circulating
serotype and frequent epidemics. In this context, the
epidemic in Cuba was considered to be exceptional in
the period of 1970-2002, due to the timing of the four
epidemics and the outbreak that occurred. These were
eradicated in a short period of time, also preventing
the disease to become endemic. The four epidemics
were: 1) dengue 1 virus (DEN-1) American genotype
epidemic of 1977-1978, which extended throughout
the entire island and only caused dengue fever (DF)
disease [1]; 2) DEN-2 epidemic of 1981, affecting the
entire country with dengue hemorrhagic fever (DHF);
3) DEN-2 epidemic of 1997, similar to that of 1981
but confined to the city of Santiago de Cuba; and 4)
DEN-3 epidemic of 2001-2002 in Havana city, with
the presence, for the first time, of the DEN-3 virus in
Cuba. Both DEN-2 epidemics occurred 4 and 20 years,
after the initial DEN-1 epidemic, respectively [2, 3],
and the last three epidemics showed an increased proportion of DHF/DF cases and DHF-related deaths
during their progression [4, 5].
Additionally, there was a small short lasting outbreak in Havana city in the year 2000, and only 138
DF cases were detected, caused by DEN-3 and DEN4 strains [5].
Our country has been free of endemic dengue disease since 2002, a significantly different scenario from
that of the rest of the countries of the area.
Dengue virus pathogenesis has always been controversial since the initial studies that pointed to the
secondary infection as the main risk factor, among
others related to virulence [6, 7]. It was not until 1987,
after the Cuban epidemic of 1981, that the group of
Dr. Gustavo Kourí outlined a comprehensive hypothesis on the development of DHF [8]. It includes the
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interactions of three groups of factors: the host, the
virus and epidemiological aspects. Among the main
individual factors are: sex, race, chronic illness and,
basically the pre-existing antibodies.
Defining these factors is therefore crucial for managing the severe illness during a DEN-3 epidemic and
because of the probability of several sequences of infection. We then assessed the role of a prior immunity
against DEN-1 and DEN-2 serotypes, evaluating the
behavior of neutralizing antibodies against different
strains of DEN-3, and determining its kinetics in a
group of patients with an accurately known prior immunity; this was done in relation to the type of infection, the clinical evolution and the development of the
viremia.

Results
Characterization of the secondary
and tertiary infection in the DEN-3 Cuban
epidemic of 2001-2002
In the DEN-3 Cuban epidemic, 78 cases of DHF were
reported. Of these, 75 were hospitalized in our institution (IPK), and their serological response was studied in samples collected during hospitalization. Also,
in a small group of cases of both clinical outcomes
(DF and DHF), we tried to reconstruct the history of
the infection by analyzing the neutralizing antibody
responses in the post-convalescent sera.
First, we analyzed the samples of 57 patients
(73.2%) diagnosed as DHF, of which all were shown
to be infected with more than one dengue serotype.
This suggested that the severity of the illness was
associated to the infection of more than one virus
serotype, under the new epidemic conditions. In parallel, the neutralizing antibody responses were also
studied in sera collected from 17 DHF/dengue shock
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associated to the development of DHF. Most of the
DHF/DSS cases were found in people who were infected with DEN-3 virus and had records of DEN-1/
DEN-2 secondary infection from the 1977-79 and 1981
epidemics or the 1945 outbreak. Thus, the development of DEN-3 DHF/DSS cases decades after the primary infection with DEN-1 contributes to the knowledge on its relationship to this entity. It also increases
the challenge for the development of dengue vaccines.
These results also suggest that primary infection with
the DEN-2 virus does not sensitize patients in developing the severe form of the illness (DHF).

syndrome (DSS) patients in the agude and late convalescent phases of infection. A DEN-1/DEN-3 infection sequence was observed in eleven of them, while
the remaining 6 suffered from a tertiary infection.
Neutralizing antibody titers were also studied in
sera from 37 additional DHF/DSS cases collected between months 18 to 24 after developing the illness.
Three cases (8.1%) showed a pattern consistent
with a DEN-3 primary infection, 30 (81.1%) showed
neutralizing antibody titers against DEN-1 and DEN3, suggesting a secondary infection, and 4 (10.8%)
showed high antibody titers against DEN-1, DEN-2
and DEN-3 viruses, indicating tertiary infection. None
of the sera suggested a DEN-2/DEN-3 sequence of
infection.
On the other hand, the study of neutralizing antibody titers in 40 sera collected in the late convalescent
phase of DEN-3 DF cases in this epidemic clearly indicated a previous infection with DEN-1 in 45% of the
cases, with DEN-2 in 15%, and DEN-1 or DEN-2 followed by DEN-3 infections in the remaining 15%. In
short, 6 cases were primary (15%) and 34 cases (85%)
were secondary DEN-3 infections, respectively. In
these 34 secondary infections, 22 (55%) presented the
viral infection sequence DEN-1/DEN-3, while 6 (15%)
were a tertiary infection (DEN-1/DEN-2/DEN-3; 15%)
and 6 (15%) showed the DEN-2/DEN-3 viral infection
sequence. All these suggested that a sequential DEN2/DEN-3 infection was present in the DF cases.
Epidemiological studies have shown that residents
in Havana City would be immune to 3 of the 4 dengue
serotypes, before the circulation of DEN-3 during the
2001/2002 epidemic. The DEN-1 virus circulated in
Cuba during the period 1977-79, while the virus DEN2 circulated in 1981 and at some time in or before
1945. It was then assumed that during the 2001/2002
epidemic, a large number of individuals would develop
a tertiary infection. Therefore, the adult population
of Havana City, previously infected during the epidemics mentioned above, was at risk of suffering from
a tertiary infection and developing an asymptomatic
infection. In this study, a tertiary infection (DEN-1/
DEN-2/DEN-3) was demonstrated in 10 (17.5%) individuals with health records of severe illness (DHF)
during the epidemic and in 6 (15%) with a benign form
of the illness (DF). The table summarizes the infection sequences found in the samples coming from both
clinical settings.
The study of 73% of the cases of DHF/DSS reported in Havana City in 2001-2002 led to the conclusion that: a) Most of the individuals with DHF
(94.7%) had developed an initial primary infection of
DEN-1; b) The DEN-1/DEN-3 infection sequence
occurred at a mean age of 24 year-old in the DHF/DSS
clinical setting; c) Although the sequence of DEN-2/
DEN-3 was able to induce the DF setting, it was not

Kinetics of the neutralizing antibody
response against different DEN-3
strains
Keeping in mind the epidemic situation of our country and particularly the introduction of the DEN-3
virus in the years 2000 and 2001/2002, we wonder if
there could be differences in the neutralizing capacity
of sera against DEN-3 strains of different genotypes.
The neutralizing capacity was studied in sera of late
convalescent individuals immune to DEN-3 during the
2001/2002 epidemic. In our study, three strains isolated from both Cuban outbreaks were included, all
belonging to the Asian genotype. A strain of the American genotype isolated in Puerto Rico in 1977 was also
included.
The highest neutralizing antibody titers were observed against homologous DEN-3 strains isolated
during the 2001/2002 epidemic (p < 0.0001), in DF
(p < 0.001) and DHF (p < 0.05) cases.
The lowest titers and the lowest geometric mean
titers (GMT) were observed against the DEN-3 strain
isolated in the 2000 outbreak and against the Puerto
Rican strain, their GMT ranging from 9 (standard deviation ± 2.99) to 18 (standard deviation ± 1.98).
The figure shows the individual results and the standard deviations of the log10 of sera neutralizing antibody titers against all strains.
Considering that protein E is the most relevant antigen for the neutralizing antibody response, changes
in its amino acid sequence among the DEN-3 strains
could be responsible for these observations. The Cuban strains of both outbreaks (2000 and 2001/2002)
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Table. Percentages of p rimary, secondary and tertiary
in fections in samples of the sera from patients that
are late convalescents (16-24 months) of DF and DHF
Type of infection

DF Cases (%)

Primary infec tion

6 (15%)

Seco ndary in fect ion

2 8 ( 70%)

44 (77 .2 %)

Tertiary infec tion

6 (15%)

10 (17 .5 %)

2

0

116/00

118/00

140/00

167/01

557/01

20/02

P. Rico

Strains

DHF Cases (%)

Figure. Log 10 of neutralizing antibody titers log10 NtA of sera from late convalescent patients collected
from cases of DHF and DF and tested against seven DEN-3 strains. The 116/00, 118/00 and 140/00
strains were isolated in the 2000 outbreak; while 167/01, 557/01 and 21/02 strains were isolated at
different points of the 2001/2002 epidemic. Points below 1 in the y axis are titers <10. P. Rico strain was
isolated in Puerto Rico 1977 and belonging to the American genotype.

3 (5. 3%)
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day of the illness, coinciding with the decline of the
viremia. In all DF and DHF cases the highest titers
were developed against the DEN-1 serotype. This is
based on epitopes shared by serotypes, which are
immunodominant and reinforce the anamnestic response against the primary infection. However, 16.7%
of the patients with a secondary infection developed
DHF. This finding supports previous reports and
suggests, as outlined by other authors, that the presence of antibodies against a previous infection sensitizes the patient in the development of the severe
form of the illness, thus being a risk factor. The failure of a pre-existent protective mechanism in patients
with a secondary infection is responsible for the uncontrolled immuno-pathogenic processes leading to
DHF/DSS.
On comparing the levels of neutralizing antibodies
in patients with a secondary infection also having DF
and DHF we found differences in the response patterns. In general, neutralizing antibody levels were
lower in DF than in DHF patients.
Interestingly, neutralizing antibodies against DEN4 peaked only at the 1/30 dilution for DHF patients.
Particularly, the levels of neutralizing antibodies
against DEN-3 were high in DHF patients compared
to those of DF. The increase of neutralizing antibodies
in the DHF cases could be given by the strong immune activation resulting from the severe infection.
There may also be a lower recognition of the virus by
the heterotypic neutralizing antibodies during the viremia in DHF patients, and, therefore, a larger amount
of free neutralizing antibodies that can be detected
later in the reduction neutralization test.
Although the sequential viral infection could not be
determined in secondary cases, since late post-convalescent samples were not taken, these results suggest
that most of the patients should have had the first infection for DEN-1 in the years 1977-1979, the most probable sequential infection in these cases being DEN-1/
DEN-3. Both patients of under 22 years of age, when
the sample were collected, could not have been infected with DEN-1 and suffered from a primary infection. This result was in agreement with the epidemic
situation of Havana, where the disease was not present
since 1981 (20 years earlier).

showed 3 non-synonymous substitutions: Thr19/Pro,
Ile226/Thr and Ala329/Val. Moreover, the last strain
isolated during the epidemic of 2001/2002 showed a
non-conserved amino acid change in Asp22/Val.
Another interesting finding was the highest level of
neutralizing antibodies against the homologous virus
strain in sera collected from late convalescent DF patients compared to those of DHF patients. Although
it was not possible to define the cause of this observation, it is suggested that some DF cases probably
developed more effective immune responses and antibodies with higher affinity, and, consequently, had a
better control of the infection than the DHF cases.
Hence, this may produce an increased persistence of
antibodies with greater affinity against the virus in the
sera collected from DF patients.
Here we demonstrated the differences in the neutralizing capacity of the sera against different genotypes
and also strains within the same genotype. These results are relevant for the pathogenesis of dengue and
for vaccine development.

Kinetics of neutralizing antibodies
and their relationship with viremia
in 22 patients of the Cuban
epidemic of 2001-2002
Sera was collected daily from 22 Cuban adult patients
starting at their admission in the hospital during the
second or third day after the onset of fever and until
the day they were discharged (approximately on day
eight), with a final extraction carried out 15 to 30 days
later outpatient consultations. Nineteen of them developed DF and the other three had DHF during the
DEN-3 2001/2002 epidemic.
Of the 91 samples studied, 36 (39.5%) were positive, being identified as DEN-3 virus; this viral agent
was isolated from 20 patients (90.9%).
Viral isolation was positive in samples collected
between days 2 and 4 of the illness. The DEN-3 virus
was isolated in 100% of the samples collected on the
second day of the feverish condition and in 90.4% of
those of the third day. During the fourth day, positive
cases decreased to 54.5% and only one case (4.5%)
was positive on the fifth day.
The virus was not isolated from any of the samples
collected from 2 out of 22 patients; however, serological results confirmed dengue infection (presence of
IgM antibodies against dengue).
In the cases previously classified as the primary
infection, neutralizing antibody levels against the viruses studied were not demonstrated in samples collected between days 2 to 8 after the onset of the disease.
In these patients, a sample could not be taken after day
8 of the disease. It is plausible that neutralizing antibody titers were at that moment at levels lower than
the 1/10 starting dilution threshold of our technique.
Those patients with a primary infection whose neutralizing antibodies were not detected in the samples
studied, showed a greater and more persistent viremia
than patients with secondary infection. One-hundred
percent of the cases with the primary infection developed the benign form of the illness in spite of having
a higher mean duration of the viremia,.
In patients with a secondary infection the neutralizing antibody response started to rise at the fifth

Relevance of the study
This was the first study to demonstrate that the immunity against DEN-1 sensitizes the individuals to DHF
during a secondary infection by DEN-3, in contrast to
the sequential DEN-2/DEN-3 infection that it is not
associated to DHF. Differences in the neutralizing
capacity of the immune serum against the DEN-3 virus in the presence of DEN-3 strains of the same and
different genotypes were also shown. This is relevant
for the development of a vaccine candidate and for the
knowledge on the etiopathogenesis of the disease.
On the other hand, we established the kinetics of
the neutralizing antibody response against the four
serotypes in Latin American patients with a DEN-3
infection whose previous immunity was accurately
known. Tertiary infection, although progressing in
most of the studies as an asymptomatic infection,
was shown to be a predisposing factor for the development of DHF.
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sing the person in the development of DHF 24 years
after the primary infection. Differences were demonstrated in the neutralizing capacity of sera against strains
of different DEN-3 genotypes. Neutralizing antibody
titers were higher against the strain isolated at the end
of the 2001/2002 epidemic and in the DF cases. There
were also differences in the duration of the viremia
and the kinetics of the neutralizing antibodies according to the type of infection and the clinical setting of
the disease.

In summary, we confirmed the multifactorial theory
of the development of the severe form of dengue stated
more than 20 years ago by the group headed by Dr.
Gustavo Kourí. This study offers a practical contribution in the prevention of the presence of severe signs
of the disease and particularly for the protection of
persons suffering from a primary infection (personalized epidemiological surveillance).

Conclusions
The sequential DEN-1/DEN-3 and DEN-1/DEN-2/
DEN-3 infections were associated to DHF during the
epidemic of DEN-3 in 2001/2002, while the DEN-2/
DEN-3 infection showed no association. The development of the DHF is demonstrated in the course of the
tertiary DEN-1/DEN-2/DEN-3 infection. Our results
supported a previous immunity to DEN-1 as predispo-
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