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Dengue Viremia Titer, Antibody Response Pattern, and Virus Serotype
Correlate with Disease Severity

David W. Vaughn,1 Sharone Green,4

Siripen Kalayanarooj,2 Bruce L. Innis,5,a

Suchitra Nimmannitya,2 Saroj Suntayakorn,3

Timothy P. Endy,1 Boonyos Raengsakulrach,1,a

Alan L. Rothman,4 Francis A. Ennis,4

and Ananda Nisalak1

1Department of Virology, Armed Forces Research Institute
of Medical Sciences, Bangkok, Thailand; 2Queen Sirikit National
Institute of Child Health, Bangkok; 3Kamphaeng Phet Provincial

Hospital, Kamphaeng Phet, Thailand; 4Center for Infectious Disease
and Vaccine Research, University of Massachusetts Medical School,

Worcester, Massachusetts; 5Department of Virus Diseases, Walter
Reed Army Institute of Research, Washington, DC

Viremia titers in serial plasma samples from 168 children with acute dengue virus infection
who were enrolled in a prospective study at 2 hospitals in Thailand were examined to determine
the role of virus load in the pathogenesis of dengue hemorrhagic fever (DHF). The infecting
virus serotype was identified for 165 patients (DEN-1, 46 patients; DEN-2, 47 patients; DEN-
3, 47 patients, DEN-4, 25 patients). Patients with DEN-2 infections experienced more severe
disease than those infected with other serotypes. Eighty-one percent of patients experienced
a secondary dengue virus infection that was associated with more severe disease. Viremia titers
were determined for 41 DEN-1 and 46 DEN-2 patients. Higher peak titers were associated
with increased disease severity for the 31 patients with a peak titer identified (mean titer of
107.6 for those with dengue fever vs. 108.5 for patients with DHF, ). Increased dengueP = .01
disease severity correlated with high viremia titer, secondary dengue virus infection, and DEN-
2 virus type.

Dengue fever (DF), classically characterized by fever, head-
ache, eye pain, myalgia, arthralgia, and rash, has been recog-
nized for more than 200 years [1]. It was not until the 1950s
that a more severe manifestation of dengue virus infection,
dengue hemorrhagic fever (DHF), characterized by defects in
hemostasis and plasma leakage, became widely recognized [2,
3]. Dengue is an emerging disease throughout tropical and sub-
tropical regions as the principal vector, Aedes aegypti, expands
its habitat across Asia, Africa, Central America, South Amer-
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ica, and the Pacific [4]. It is estimated that at least 100 million
dengue infections and 1250,000 cases of DHF occur annually
[5].

Although most dengue infections result in a self-limited feb-
rile illness [6], dengue is a public health problem because DHF
can be fatal unless its attendant plasma leakage is treated early.
Current practice is to hospitalize patients with early signs of
disease for observation. Lenient hospitalization policies im-
prove outcome but require increased health resources. If the
early determinants of dengue disease severity were understood
in detail, more effective and less costly case management might
be devised.

Dengue viruses are flaviviruses, of which there are 4 different
serotypes [7]. It has been observed in several studies that se-
quential or secondary dengue virus infections are more likely
to produce severe disease [6, 8–11]. This epidemiologic obser-
vation can be explained by the theory of immune enhancement.
Cross-reactive, nonneutralizing antibodies from a previous het-
erologous dengue virus infection bind to the new infecting se-
rotype and facilitate virus entry via Fc-receptor-bearing cells
[5, 12, 13]. This mechanism can serve to increase the number
of antigen-presenting cells infected during secondary dengue,
which can lead to the activation of preexisting cross-reactive
dengue virus-specific T lymphocytes from the primary flavivirus
infection [14, 15]. This self-amplifying cascade can then lead to
the release of cytokines and chemical mediators that may cause
plasma leakage [16, 17]. Other factors have been postulated as
important in the pathogenesis of DHF: (1) specific virulent virus
genotypes that replicate to high levels resulting in an increased
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immune response and increased disease [18–20]; (2) a genetic
predisposition to severe disease among certain populations [21,
22]; and (3) other risk factors, such as age [23], sex [9, 23], and
nutrition [24, 25]. Although high virus loads may be necessary
to develop DHF, there is no direct evidence that this occurs.

The results of the clinical investigation presented in this ar-
ticle extend our group’s efforts to better define the pathophy-
siology of dengue disease through a prospective study in Thai-
land [15, 20, 26–32]. We examined the relationship between
peak viremia titer and disease severity, measured as clinical
grade and by direct quantitation of plasma leakage (pleural
effusion). To explore whether pathogenicity was limited to a
subset of dengue viruses, we determined virus serotype and
explored its relationship to disease severity. We present evidence
that establishes a direct correlation between peak viremia titer
and disease severity.

Patients and Methods

Patient enrollment and data collection. Investigational methods
can be found in previous publications [27, 28]. In brief, children
seen at the Queen Sirikit Institute of Child Health (formally the
Bangkok Children’s Hospital) and the Kamphaeng Phet Provincial
Hospital from 24 April 1994 to 16 December 1996 were eligible
for enrollment in the study. Enrollment criteria were age 6 months
through 14 years, weight 16 kg, temperature >38.57C, history of
fever for !72 h, and flushed face. Exclusion criteria were fever for
172 h, focal source of infection (e.g., otitis media, pneumonia,
meningitis), coryza, chronic illness, including anemia, or unstable
vital signs. Children were observed in-hospital until 1 day after
defervescence. A right-lateral decubitus chest radiogram was per-
formed on the day after defervescence to measure plasma leakage
manifest as a pleural effusion. The volume of pleural fluid was
expressed as an index ( depth of pleural effusion/diameterPEI = [
of right hemithorax ). Blood samples were obtained daily] 3 100
up to a maximum of 5 consecutive collections, and a follow-up
specimen was obtained 8–10 days after enrollment.

Definitions. Illness day 1 was the 1st day of reported illness.
Study day 1 was the day on which a child was enrolled and the
first blood sample was obtained. Fever day 0 was the day of de-
fervescence. Days prior to fever day 0 were designated fever day
21 (1 day prior to defervescence), fever day 22, and so forth. The
day after defervescence was fever day 11. The World Health Or-
ganization grading system [28, 33] was the clinical measure of dis-
ease severity. Children with dengue, based on viremia or antibody
responses or both, without evidence of plasma leakage, were con-
sidered to have DF; those with a fall in platelets and plasma leakage
manifested by either a 20% increase in hematocrit over recovery
value, a pleural effusion, or ascites without shock were given a
diagnosis of DHF grade 1 (no spontaneous hemorrhage) or grade
2 (spontaneous hemorrhage). Dengue patients experiencing pe-
ripheral vascular collapse with a pulse pressure of <20 mm Hg or
clinical signs of shock, or both, were considered to have DHF grade
3; those with undetectable blood pressure were given a diagnosis
of DHF grade 4.

Antibody responses. IgM and IgG to dengue virus and Japa-

nese encephalitis virus (JEV) were measured in all specimens by
antibody capture enzyme immunoassay (EIA) [27, 34]. Hemagglu-
tination inhibition antibody against dengue virus types (DEN) 1–4
and JEV were measured in all specimens [33, 35]. Determination
of primary versus secondary dengue virus infection was determined
as described elsewhere [27].

Virus serotypes. Virus isolation in Toxorhynchites splendens
mosquitoes [27, 36, 37] was attempted with each plasma sample
from all patients during the first 3 study days and with the re-
maining blood specimens from patients whose plasma sample con-
tained virus during the first 3 days. Isolates were identified in C6/
36 cell cultures by using a panel of monoclonal antibodies against
dengue and JEV in an EIA [38]. Reverse transcriptase–polymerase
chain reaction (RT-PCR) was used to attempt to identify the in-
fecting serotype in specimens for which a virus was not isolated
[39].

Quantitation of peak viremia. Viremia titers were determined
in samples containing DEN-1 and DEN-2 as follows: log10 dilutions
of plasma were made up to 1026, and each dilution was injected
intrathoracically into 20 mosquitoes. Fifteen survivors were as-
sessed for virus replication at 14 days. The quantity of dengue virus
was calculated as the median mosquito infectious doses per mil-
liliter (MID50/mL) by probit analysis. A virus peak was defined for
cases where the virus titer increased from the first specimen or if
the titer decreased by a half log or less from study day 1 to study
day 2.

Viremia duration. To estimate the total duration of viremia,
researchers assumed detectable viremia started on the day prior to
the onset of illness [40] and ended on the last day in which it was
detected. For example, if a child was admitted on the third day of
illness and virus was detected until the fifth day of illness (study
days 1–3), then the viremia duration was 5 days.

Rate of virus clearance. To estimate the rate of virus clearance,
researchers calculated the slope of the descending portion of the
viremia curve for DEN-1– and DEN-2–infected patients between
fever day 22 and fever day 0. This represented the linear portion
of the descending viremia curve by using a log10 scale for viremia
titer. The slope was calculated as the change in virus log-titer di-
vided by the number of days over which the change was observed
(2 days).

Statistical analysis. Data were entered and managed by use of
FoxPro for Windows software (Microsoft, Redmond, WA), and
analysis was performed by use of SPSS for Windows version 8.5
(SPSS, Chicago). For analysis, disease severity was measured by
PEI (continuous) and by 3 severity groups (ordinal) based on clin-
ical assessment (DF, DHF grade 1/2, DHF grade 3/4). Student’s t
test (unpaired) was used to compare mean values. If variance was
unequal (Levin), the t test used independent variance. Fisher’s exact
test was used to compare proportions. The Spearman rank cor-
relation test was used to assess the degree of correlation between
severity and other measures. Multivariate logistic regression was
used to assess the association of viremia titer (peak or maximum
as a continuous variable), antibody response pattern (primary vs.
secondary), and dengue virus serotype (DEN-1 vs. DEN-2) on the
occurrence of disease severity (DF vs. DHF). All reported P values
are 2-sided.
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Table 1. Age and sex of children enrolled from April 1994 to De-
cember 1996, by diagnosis.

Diagnosis Number Mean age, y % male

Nonviral 13 8.1 54
OFI 254 6.4 60
Unknown 21 5.2 52
DF 88 7.8 50
DHF Gr 1 23 7.5 78
DHF Gr 2 44 8.8 73
DHF Gr 3 13 8.1 46

All children 456 7 59

NOTE. Nonviral, probable bacterial or parasitic etiology for fever; OFI,
other febrile illness, presumed viral (nondengue) illness; Unknown, dengue virus
infection during previous few months but probably not cause of current illness
( ) or no dengue virus isolated and no convalescent plasma for a serologicaln = 6
diagnosis; DF, dengue fever; DHF Gr, dengue hemorrhagic fever grade.

Table 2. Antibody response patterns by type of infecting dengue virus
(DEN).

Virus type Primary Secondary Uncharacterized Totals

DEN-1 16 30 0 46
DEN-2 1a 44 2 47
DEN-3 15 32 0 47
DEN-4 0 24 1 25
Unknown 0 3 0 3

Totals 32 133 3 168

a While this patient’s conditions met enzyme immunoassay and hemagglutin-
ation inhibition assay criteria for a primary dengue virus infection, neutralizing
antibody assay revealed preexisting antibody to Japanese encephalitis virus (i.e.,
this was also a secondary flavivirus infection).

Results

Children enrolled and disease severity. A total of 456 chil-
dren aged 18 months through 14 years (table 1) were enrolled.
Mean age (7 years) and sex distribution (59% male) did not
vary over the 3 years of the study. One hundred sixty-eight
patients (37%) had dengue. The final diagnosis was DF for 88
patients and DHF for the remaining 80, including 67 grade 1/
2 and 13 cases of grade 3 (dengue shock syndrome). A PEI
from fever day 11 was available for 158 (94%) of the 168
patients with dengue. The mean PEI for all patients with dengue
was 7.6 (range, 0–78; 52% with pleural effusion) versus 0.5 for
the 238 patients with a diagnosis of presumed viral (nondengue)
infection (30% with pleural effusion). A pleural effusion was
detected in 2% of 81 patients with DF, 90% of 64 patients with
DHF grade 1 and 2, and 92% of 13 patients with DHF grade
3. For dengue patients, the PEI correlated with clinical grade
with , .r = .9 P ! .001

Virological diagnosis. A dengue virus was isolated from
162 of 168 dengue patients (96%). Dengue RT-PCR was positive
for 3 additional patients from whom a virus could not be iso-
lated, for an overall virus identification rate of 98%. Virus types
identified were DEN-1 ( ), DEN-2 ( ), DEN-3 (n = 46 n = 47 n =

), and DEN-4 ( ). All 3 patients for whom no infecting47 n = 25
virus was identified were enrolled late (1 day prior to or on the
day of defervescence) and had a secondary dengue virus
infection.

Antibody response patterns. A secondary dengue virus in-
fection was diagnosed in 133 patients (79%), and 32 patients
(19%) had a primary dengue virus infection. Three other pa-
tients (2%) had a virus isolated in an acute specimen, but no
follow-up blood specimens were available to classify the anti-
body response pattern. DEN-2 and DEN-4 infections were al-
most exclusively associated with a secondary or anamnestic
flavivirus antibody response (table 2).

Peak viremia. Viremic plasma from 42 of the 46 DEN-1
infected patients and the 47 DEN-2 infected patients were ti-
trated in live T. splendens mosquitoes. A peak titer was clearly

identified (increasing titer before decreasing) for 16 patients.
For another 15 patients, the titer was stable for the first 2
collections with a 0.5 log decrease in titer or less from the 1st
to the 2nd study day. Among the 31 patients with a peak titer
as defined (mean peak titer, 108.2 MID50/mL), the median and
modal day for the peak to occur was illness day 3 (fever day
22).

Duration of viremia. The study protocol limited blood col-
lections to the day following defervescence or a maximum of
5 acute blood collections, whichever came first. Dengue viremia
was detected in the last acute blood sample for 28 (17%) of 165
patients. Duration of viremia ranged from 1 to 7 days (mean,
4.5 days; median, 5 days). Viremia during primary infection
was prolonged compared with secondary infections. The mean
duration of viremia for all patients experiencing a primary den-
gue virus infection ( ) was 5.1 days versus 4.4 days forn = 32
those experiencing a secondary dengue virus infection (n =

, ). This relationship held for DEN-1 patients (5.5133 P = .002
days for 16 patients with primary infections vs. 4.5 days for 30
patients with secondary dengue virus infections, ) butP = .002
not for DEN-3 patients (4.6 days for 15 primary patients vs.
4.4 days for 32 secondary patients, ).P = .5

Rate of virus clearance. From fever day 22 until fever day
0, viremia titers decreased an average of 2.5 logs per day (DEN-
1 and DEN-2 patients, ). The slope of this descendingn = 51
portion of the viremia curve was steeper for patients with sec-
ondary infections ( , mean loss of 2.7 logs of virus/day)n = 41
versus those who experienced primary dengue virus infections
( , mean loss of 1.4 logs of virus/day, )n = 10 P = .006

Disease severity by DEN. Patients with DEN-2 were more
likely to have DHF (66%) than those infected by other virus
serotypes (table 3). When only patients with secondary anti-
body responses were considered, patients with DEN-2 were
more likely to have DHF than those with DEN-4. There was
a trend toward more severe disease (DF vs. DHF) in DEN-2
patients, compared with those with DEN-1 and DEN-3 infec-
tions. On average, patients with DEN-2 infections had a larger
PEI than those infected by other virus serotypes. When only
patients with secondary antibody responses were considered,
those with DEN-2 infections had a larger PEI than patients
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Figure 1. Mean plural effusion index and 95% confidence intervals
by dengue virus type and antibody response pattern (V and dashed
lines, primary; m and heavy lines, secondary).

Table 3. Disease severity and pleural effusion index (PEI) in children infected with dengue virus
type (DEN) 2 compared with those infected with other dengue virus serotypes.

Virus type

All dengue patients Patients with secondary dengue virus infections

n
% with
DHF Pa n

Mean
PEI Pb n

% with
DHF Pa n

Mean
PEI Pb

DEN-1 46 39 .01 43 4.9 .005 30 50 .1 28 6.8 .03
DEN-2 47 66 — 44 14.2 — 44 68 — 43 14.5 —
DEN-3 47 40 .02 45 6 .02 32 47 .1 30 8.7 .1
DEN-4 25 40 .05 23 4.3 .02 24 38 .02 23 4.3 .02

Totals 165 155 130 124

NOTE. DHF, dengue hemorrhagic fever.
a Fisher’s exact test vs. patients with dengue virus type 2 (DEN-2) infections.
b Student’s t test vs. patients with DEN-2 infections.

with DEN-1 and DEN-4 infections with a trend toward a larger
PEI compared with patients with DEN-3 infections (see table
3 and figure 1).

Disease severity by antibody response pattern. Patients with
a secondary antibody response were twice as likely to have
DHF, compared with those with a primary antibody response
(53% vs. 23%, respectively, , table 4). Patients with aP ! .001
secondary dengue virus infection had a larger mean PEI than
patients with primary infections. For the subset of patients with
DEN-1 and DEN-3 infections, those with secondary infections
were more likely to experience DHF and had a larger mean
PEI than those with primary infections (table 4). We were un-
able to perform this analysis for DEN-2 and DEN-4 patients,
because all, or nearly all, patients had a secondary antibody
response. Dengue shock syndrome (DHF grade 3, ) wasn = 13
associated with a secondary dengue virus infection in all cases.

Disease severity by peak virus titer. For patients with a
peak titer identified ( ), disease severity correlated withn = 31
peak titer with a mean titer of 107.6 for patients with DF com-
pared with 108.4 for those with DHF grades 1 or 2 and 109.0

for those with DHF grade 3 ( , ). When lookedr = 0.5 P = .006
at by virus type, this association held up for the DEN-2 patients
(107.0 for 6 DF patients, compared with 108.3 for 11 DHF grade
1/2 patients and 109.0 for 3 DHF grade 3 patients; ,r = .6 P =

). For DEN-1 patients, the mean peak virus titer for 6 DF.002
patients was 108.2 compared with 108.7 for 5 DHF patients
( ; there were no DEN-1 DHF grade 3 patients with aP = .3
peak titer identified). As peak viremia titer increased so did the
pleural effusion ( , ; see figure 2). There was littler = 0.4 P = .03
or no pleural effusion until higher peak levels of viremia were
experienced.

The maximum virus titers were observed on study day 1,
except for the 16 patients where virus titer increased after study
day 1, as described earlier. Maximum titer also correlated with
increasing clinical grade for all DEN-1 and DEN-2 patients
(DF, 106.3; DHF grade 1 or 2, 107.2; DHF grade 3, 108.5; r =

, ). This pattern held for DEN-2 patients ( ,.4 P = .001 r = .5
; figure 3). The trend was the same for all DEN-1P = .001

patients ( , , ; figure 3), although it was moren = 42 r = 0.3 P = .09

convincing if only DEN-1 patients with secondary infections
were considered (13 DF patients, 105.5; 10 DHF grade 1 or 2
patients, 107.3; 3 DHF grade 3, 108.6; , ). For pa-r = .5 P = .01
tients with primary DEN-1 infections, the mean maximum titer
was 108.0 for 13 DF patients versus 108.5 for 3 DHF grade 1/2
patients, ). Figure 4 shows mean viremia curves over sev-P = .3
eral days for DEN-2 patients by clinical diagnosis.

Disease severity by duration of viremia and rate of virus clear-
ance. There was no correlation between duration of viremia
and disease severity by clinical grade ( , ) or PEIr = 0.07 P = .4
( , ). There was an association between diseaser = 0.03 P = .7
severity and the slope of the descending portion of the viremia
curve (see figure 4 for patients with DEN-2 infections). The
mean rate of virus clearance (fever day 22 to day 0) was greater
in patients with DHF than in those with DF (2.9 logs of virus/
day vs. 1.8 logs/day, ).P = .002
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Table 4. Disease severity by clinical grade and pleural effusion index
(PEI) vs. antibody response pattern for all patients and for patients
with dengue virus type (DEN) 1 and DEN-3 infections.

Patient category n
% with
DHF Pa n

Mean
PEI Pb

All primary dengue 32 23 .001 31 1.2 .004
All secondary dengue 133 53 127 9.2
Primary, DEN-1 and DEN-3 31 23 .008 30 1.2 !.001
Secondary, DEN-1 and DEN-3 60 50 58 7.7

NOTE. DHF, dengue hemorrhagic fever.
a Fisher’s exact test: all primary dengue patients vs. all secondary dengue

patients, and primary vs. secondary antibody response pattern for patients with
DEN-1 and DEN-3 infections only.

b Student’s t test: all primary dengue patients vs. all secondary dengue patients
and primary vs. secondary antibody response pattern for patients with DEN-1
and DEN-3 infections only.

Figure 2. Peak virus titer (log mosquito infectious doses per mil-
liliter [MID50/ml]) by pleural effusion index ([depth of pleural effusion/
diameter of right hemithorax as read from right lateral decubitus chest
radiogram obtained on the day after defervescence ) for patients] 3 100
who experienced dengue virus type (DEN) 1 ( ) and DEN-2 in-n = 11
fections ( ). 0, dengue fever ( ); 1, dengue hemorrhagic fevern = 20 n = 12
grade 1 ( ); 2, dengue hemorrhagic fever grade 2 ( ); 3, denguen = 8 n = 8
hemorrhagic fever grade 3 ( ).n = 3

Virus titer by serologic response. Viremia titers of patients
infected with DEN-1 and DEN-2 were higher among patients
with secondary dengue virus infection early in the course of
illness but were higher among patients with primary dengue at
the time of defervescence. At fever day 24 the mean virus titer
was 106.2 MID50/mL for patients with primary infections (n =
) versus 108.5 for those with secondary dengue virus infections7

( , ). On fever day 0, the mean virus titer was 104.4n = 7 P = .05
for patients with primary infections ( ) versus 101.9 forn = 13
those with secondary dengue virus infections ( ,n = 70 P =

)..003
Logistic regression. Based on logistic regression, higher

peak viremia titer ( patients with complete data) wasn = 29
more likely to result in DHF (odds ratio [OR], 4.4 for each log
increase in peak viremia titer, ). Secondary antibodyP = .03
response predicted DHF (OR, 6.3, ). The odds ratio forP = .1
DEN-2 infection to result in DHF versus DEN-1 infection was
2.5, . Repeating the analysis by using maximum viremiaP = .4
titer rather than peak titer ( ) gave similar results. Highern = 89
maximum viremia titer predicted DHF (OR, 1.6, ).P = .004
Secondary dengue virus infection predicted DHF (OR, 9.7,

). The OR for more severe disease with a DEN-2 in-P = .004
fection was 1.6, .P = .4

Discussion

Earlier studies of dengue hypothesized a relationship between
disease severity and the virus load as reflected in viremia titer
[5, 41]. In this study, quantification of daily viremia in patients
with secondary DEN-1 and DEN-2 infections demonstrated a
correlation between dengue viremia early in the course of illness
and disease outcome. Peak virus titers were 100- to 1000-fold
higher for patients who developed dengue shock syndrome,
compared with those with the more benign DF.

Although there was an association between disease severity
and peak viremia titer in our full data set and for secondary
DEN-1 and DEN-2 patients, no association was seen for pri-
mary DEN-1 patients. It may be that our sample size was

inadequate to reveal this relationship (13 DF patients and 3
DHF patients). Alternatively, there may be other critical de-
terminants of DEN-1 primary disease severity.

There was no association between disease severity and the
estimated duration of viremia. One interpretation of virus load
is that it is related both to the height of the viremia and the
duration (area under the curve). In fact, the estimated duration
of dengue viremia was prolonged in patients experiencing pri-
mary dengue virus infections, compared with those experienc-
ing secondary infections (5.1 days vs. 4.4 days, respectively). It
should be noted that precise measurement of the duration of
viremia was not possible. We were not able to identify the onset
of viremia; children were enrolled up to 72 h after the onset of
their fever. Siler et al. demonstrated that viremia (as measured
by the ability to transmit virus from patient to mosquito to a
healthy volunteer) started 6–18 h prior to the onset of illness
[40]. With regard to the termination of viremia, our study pro-
tocol limited blood collections to the day after defervescence
or a maximum of 5 acute blood collections, whichever came
first. This resulted in 28 patients with viremia documented on
the final acute blood collection. This included 15 (47%) of 32
patients who experienced a primary dengue virus infection ver-
sus 10 (8%) of 133 of those who experienced a secondary dengue
virus infection ( ). This suggested that the slope of theP! .001
dengue viremia was steeper for secondary cases and that many
children with primary dengue may have had detectable viremia
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Figure 3. Mean maximum virus titer (log mosquito infectious doses/
ml, log MID50/mL) by dengue virus type and clinical grade. Dengue
virus type (DEN) 1 shown with V and dashed lines for 95% confidence
levels. DEN-2 shown with m and heavy lines for confidence intervals.
DHF, dengue hemorrhagic fever.

Figure 4. Mean dengue virus titer (log mosquito infectious doses/
ml [log MID50/mL]) by fever day for dengue 2 virus patients experi-
encing dengue fever (thin dashed line, ), dengue hemorrhagic fevern = 16
grades 1 and 2 (solid thin line, ), and dengue hemorrhagic fevern = 26
grade 3 (heavy solid line, ).n = 5

well beyond our last acute blood collection, further underes-
timating the duration of viremia for patients with primary in-
fections. In fact, rapid virus clearance for patients with sec-
ondary dengue virus infection was identified directly as a steeper
slope for the descending portion of the viremia curve. The dif-
ference in viremia duration and rate of virus clearance between
primary and secondary antibody response patterns was pre-
sumably due to the relatively slower response of a nonprimed
immune system to clear virus for those who experienced a pri-
mary dengue virus infection.

Several earlier reports identified secondary dengue virus in-
fection as a risk factor for severe dengue disease [6, 8–11]. We
observed the same in this study, both overall and after strati-
fication by virus serotype, by using either clinical grade as the
traditional ordinal severity measure or PEI as a continuous
quantitative severity measure. A secondary antibody response
provides evidence for the circulation of enhancing antibodies
able to amplify dengue virus by facilitating virus entry into
susceptible cells. Increased peak viremia titer has been docu-
mented in rhesus monkeys with a secondary DEN-2 infection
and confirmed here for the first time in patients [42]. Immune
clearance of virus presumably is mediated by preexisting neu-
tralizing antibody and cross-reactive lymphocytes and is ac-
celerated in persons with secondary infections.

Earlier studies in Thailand found that DEN-2 caused more
severe disease among hospitalized patients [6, 11]. Those studies
may have been biased, as they failed to identify virus serotype
in most patients and lacked quantitation of viremias. We iden-
tified virus serotype in essentially all patients and stratified our

analysis by type of antibody response. We found that secondary
DEN-2 caused more severe disease than DEN-1 and DEN-4,
but not DEN-3. The differential severity associated with virus
serotype suggests that virus phenotype influences outcome. We
speculate that greater virus replication for DEN-2 in primed
hosts confers the enhanced pathogenicity, compared with that
seen in DEN-1 secondary or primary infections. While sug-
gestive, our data set failed to demonstrate that viremia titer
was higher in secondary DEN-2 than in secondary DEN-1
patients (mean maximum titer, 107.3 MID50/mL for DEN-2
[ ] vs. 106.5 MID50/mL for DEN-1 [ ], ). It mustn = 44 n = 26 P = .1
be recalled that these data are based on children coming to the
hospital for care. Our data do not address the much larger
population of children infected with dengue viruses who do not
seek medical attention.

Another difference among dengue virus serotypes emerged
from this study. We identified primary infections only among
patients with DEN-1 and DEN-3; almost all patients with
DEN-2 and DEN-4 had secondary infections. While a single
DEN-2 patient met EIA and hemagglutination inhibition assay
(HAI) criteria for a primary dengue virus infection, HAI an-
tibody was widely cross-reactive, and neutralizing antibody as-
say revealed preexisting antibody to JEV (i.e., this was also a
secondary flavivirus infection). Apparently DEN-2 and DEN-
4 viruses circulating in Bangkok and Kamphaeng Phet lacked
sufficient pathogenicity to bring children to the hospital clinic,
except in hosts with heterologous immunity. This same obser-
vation has been made in a data set spanning 25 years of sur-
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veillance at the Bangkok Children’s Hospital, where prelimi-
nary analysis shows that in children aged 112 months, 97% of
patients with DEN-2 or DEN-4 infections have a secondary
antibody response pattern, compared with 72% of patients with
DEN-1 or DEN-3 ( ; A. Nisalak, unpublished data).P ! .001

How do our data fit with the various hypotheses on dengue
pathogenesis? Our data indicate that viremia titer early in the
course of infection is a key factor; higher viremia titer is as-
sociated with more severe disease. This finding is consistent
with a role for viral virulence or replicative ability, as well as
enhancing antibody in determining disease severity. In our re-
gression analysis, secondary dengue virus infection and peak
virus titer both correlated with disease severity. We also found
that disease severity was associated with more rapid virus clear-
ance, suggesting a greater importance for a primed immune
system. In addition, other host factors apparently also play a
role, leading to divergent disease outcomes given equivalent
peak viremia titers. Girls, well-nourished children, and school-
age children may have more robust immune systems that ex-
aggerate the immune response to dengue virus, leading to more
severe disease in some cases. Specific virus serotypes and geno-
types may replicate more readily in specific population groups
to cause DHF even in primary infections (rare) or enhance
more readily in the presence of preexisting antibody.

In conclusion, we have shown that high viremia titers 3 days
after the onset of fever correlates with severe disease 2 days
later at the time of defervescence. Concurrent associations be-
tween disease severity and viremia titer and serological evidence
of secondary dengue infections suggest that cross-reactive im-
mune responses may be an important factor related to dengue
pathogenesis among children in dengue hyperendemic regions.
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