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SUMMARY

Vitamin D could modulate pathways leading to dengue hemorrhagic fever/dengue shock
syndrome (DHF/DSS). We examined the associations of serum total 25-hydroxy vitamin D
[25(OH)D] and vitamin D binding protein (VDBP) concentrations in patients with uncomplicated
dengue fever (DF) with risk of progression to DHF/DSS. In a case–control study nested in a
cohort of DF patients who were followed during the acute episode in Bucaramanga, Colombia,
we compared 25(OH)D and VDBP at onset of fever between 110 cases who progressed to DHF/
DSS and 235 DF controls who did not progress. 25(OH)D concentrations were also compared
between the acute sample and a sample collected >1 year post-convalescence in a subgroup.
Compared with 25(OH)D 575 nmol/l, adjusted odds ratios (95% CI) for progression were 0·44
(0·22–0·88) and 0·13 (0·02–1·05) for 50 to 75 nmol/l (vitamin D insufficiency) and <50 nmol/l
(vitamin D deficiency), respectively (P, trend = 0·003). Mean 25(OH)D concentrations were much
lower post-convalescence compared with the acute episode, regardless of case status. Compared
with controls, mean VDBP was non-significantly lower in cases. We conclude that low serum
25(OH)D concentrations in DF patients predict decreased odds of progression to DHF/DSS.

Keywords: Dengue hemorrhagic fever, dengue shock syndrome, severe dengue, vitamin D, vitamin
D binding protein.

INTRODUCTION

Dengue is one of the most rapidly spreading
mosquito-borne virosis worldwide, with 50–100 mil-
lion symptomatic cases each year and an annual glo-
bal cost close to US $9 billion [1–4].

A non-negligible proportion of febrile persons
diagnosed with dengue infection (dengue fever, DF)

progresses to severe forms of the disease, including
dengue hemorrhagic fever (DHF) and dengue shock
syndrome (DSS). The reasons why some patients pro-
gress to these potentially fatal forms are poorly under-
stood. Risk factors include secondary infections by
new dengue serotypes and host’s genetics [5]. The
host’s nutritional status has been highlighted as a
potentially relevant predictor of progression [6]
because some nutrients exhibit strong immuno-
modulatory activity. Vitamin D is particularly rele-
vant because it can modulate immunological events
that have been involved in the pathophysiology of
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severe dengue [7], including downregulation of pro-
inflammatory Th1 activity [8]. Vitamin D supple-
mentation has been beneficial in the treatment of
infections by hepatitis C virus, an RNA virus that
shares some characteristics with dengue virus
(DENV) [9].

Epidemiological evidence on the role of vitamin D
on progression to severe dengue is scant. In a small
cross-sectional study, among patients with secondary
infections circulating total 25-hydroxy vitamin D
[25(OH)D] was higher in patients with DHF than in
those with DF only [10]. By contrast, concentrations
of 1,25(OH)D, the active form of the vitamin, were
lower in Nicaraguans with DHF/DSS compared
with those with DF only [11].

Identifying new potentially modifiable risk factors
for progression to severe dengue disease is a critical
research priority because there is no specific treatment
for the infection, the therapeutic arsenal is currently
very limited, and vaccination may increase hospital-
ization incidence in children <9 year-old [12].
Elucidating the role of vitamin D on severe dengue
disease would constitute a critical first step to interro-
gate the therapeutic potential of this nutrient in
patients diagnosed with DF.

We conducted a case–control study nested within a
cohort of patients diagnosed with DF in Colombia
who were followed during the acute episode. The pri-
mary aim was to investigate the relation of serum
25(OH)D within 96 h from the onset of fever with
the risk of progression to DHF/DSS. We hypothesized
that 25(OH)D was inversely related to the incidence of
DHF/DSS. A secondary aim was to examine differ-
ences in serum total 25(OH)D concentrations between
the acute episode and a post-convalescent period free
of disease. Because 25(OH)D circulates bound to vita-
min D binding protein (VDBP) with high affinity [13],
an exploratory aim was to examine the associations of
VDBP with risk of progression to DHF/DSS.

METHODS

Study design

We conducted a case–control study nested within a
cohort of patients diagnosed with DF who were fol-
lowed during the acute episode. We recruited febrile
ambulatory patients with suspected dengue during
non-epidemic (May 2003–September 2009) and epi-
demic (October 2009–December 2010) periods at
health care centers in five areas of metropolitan

Bucaramanga, a city in northeast Colombia. Eligible
participants were 55 years of age and had an acute
febrile syndrome caused by dengue infection with
symptoms that had started <96 h before consultation.
At the time of recruitment, information on sociode-
mographic characteristics, medical history, and symp-
toms was elicited through a standardized interview.
Height and weight were measured on calibrated
instruments with the use of standardized techniques.
After a physical examination, blood samples were
drawn to determine albumin concentration, hemato-
crit, and platelet counts. We excluded patients with
a history of diabetes, acquired immunodeficiency syn-
drome, hematologic disorders, cancer, or cardiac dis-
ease; or, at baseline, DHF or DSS (case definition
below), major bleeding, hypoalbuminemia, effusions,
or shock. Participants were followed daily at their
homes until the 7th day of disease or the day of hos-
pital discharge if they were admitted. Data collected
included signs and symptoms, as well as daily micro-
hematocrit measures to facilitate recognition of
DHF/DSS. Platelet counts were quantified daily in
patients with prior counts <120 000/mm3, or when
the patient had spontaneous hemorrhage, signs of
effusion, edema, or a hematocrit change >10%.
Serum samples were transported to the virology
laboratory at the Industrial University of Santander
in Bucaramanga for storage at −70 °C. Samples
were tested for dengue virus infection according to a
diagnosis algorithm, which included IgM enzyme-
linked immunosorbent assay (ELISA) in paired sera
or viral isolation, NS1 antigen detection, or
RT-PCR in acute samples, with the use of methods
described previously [14]. A convalescent blood sam-
ple was obtained 7–15 days after the onset of symp-
toms to detect IgM antibodies to dengue with
ELISA. Dengue virus infection was defined as any
of the following: viral isolation, positive NS1 antigen,
or RT-PCR in acute serum (<96 h from the initiation
of fever); a shift from a negative to a positive IgM test
result; or a 5fourfold increase in previously existing
levels of antibodies to dengue virus. Secondary dengue
infection was determined with use of the Panbio den-
gue IgG Capture ELISA test (Alere, Australia). The
test’s sensitivity ranges from 81% to 96%.

Case definition

Cases were patients who developed DHF or DSS dur-
ing follow-up according to a modified version of the
World Health Organization (WHO) 1997 criteria
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[15]. DHF cases met all the following criteria: a plate-
let count 4100 000/mm3, any spontaneous hemor-
rhage or 51 positive tourniquet test, and evidence
of plasma leakage (i.e. pleural effusion, ascitis,
hypoalbuminemia <4 g/dl, or a change in hematocrit
from the previous assessment >10%). A hemoconcen-
tration of 10%, instead of 20%, was chosen because
this criterion has greater sensitivity in identifying
dengue-related complications [16] and has been asso-
ciated with vascular permeability [17]. DSS cases had
all criteria above plus any reading of median blood
pressure <70 mmHg or pulse pressure <20 mmHg dur-
ing follow-up.

All participants provided written informed consent
before enrollment into the study. Among children,
written consent was sought from the primary care pro-
vider and assent from the children was confirmed
before recruitment. The study protocol was approved
by the Medical Ethics Committee of the Industrial
University of Santander. The University of Michigan
Health Sciences and Behavioral Sciences Institutional
Review Board approved the use of data and samples
from the study. The authors assert that all procedures
contributing to this work comply with the ethical stan-
dards of the relevant national and institutional commit-
tees on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008.

Study population

We recruited 820 participants into the cohort. Of
them, 173 (21·1%) developed DHF/DSS during
follow-up. For this case–control study, we selected
all the cases that had a serum sample collected within
96 h from the onset of fever (‘acute’ serum sample, n
= 110, 63·6%). Next, we randomly selected a group of
controls among the patients who did not develop
DHF/DSS, using a 2 : 1 ratio of controls per case
plus an additional 10% in anticipation of losses due
to lack of an acute serum sample. The final number
of controls was 235. Selected controls were compar-
able to non-selected non-cases with regard to sex,
age, socioeconomic status, month of infection, hours
with fever before consultation, and signs of severity
at the first visit. Nevertheless, compared with non-
selected non-cases, selected controls were more likely
to have become infected during the epidemic period
and were taller and heavier. Selected cases compared
with non-selected cases in the same manner as
controls.

A post-convalescence blood sample was obtained in
a subgroup of 15 cases and 30 controls who were vis-
ited at home after a median 1·8 years (range 1·3–2·5)
from the acute episode.

Laboratory methods

25-hydroxy vitamin D

Samples were shipped frozen to the USA for vitamin
D analyses. Serum total 25(OH)D, a valid biomarker
of vitamin D status, was quantified at Heartland
Assays, Ames, IA with the use of the DiaSorin
LIAISON 25-OH Vitamin D Total assay (Diasorin,
Inc, Stillwater, Minnesota) [18, 19], a direct competi-
tive chemiluminescence immunoassay co-specific for
25-hydroxyvitamin D3 and D2. The assay’s sensitivity
is 6·26 nmol/l and the inter-and intra-assay CVs are
11·2% and 8·1%, respectively. Recovery of endogen-
ous 25(OH)D is 100% [20].

Vitamin D-binding protein

In a subgroup of 17 DHF/DSS cases and 44 controls
with available sample volumes, we quantified VDBP
with the use of a Quantikine ELISA kit (R&D
Systems, Inc. Minneapolis, MN) at the Centre for
Chemical Genomics, University of Michigan. The
mean CV for replicate measures was 13·2%.

Cytokines

We determined concentrations of pro- and anti-
inflammatory cytokines that may be independent pre-
dictors of progression to DHF/DSS. Interferon
(IFN)-γ, interleukin (IL)-10, IL-6, and tumor necrosis
factor (TNF)-α were measured at the University of
Michigan Cancer Centre Immunology Core with the
use of Luminex assays (Thermo Fisher Scientific Inc.
Waltham, MA). Intra-assay and inter-assay CVs
were, respectively, 1·1% and 9·9% for IFNγ; 0·6%
and 6·2% for IL-10; 0·4% and 7·2% for IL-6; and
0·8% and 6·3% for TNFα.

DENV virus serotype

DENV serotypes were identified in a subsample of 29
cases and 49 controls using conventional and real time
RT-PCR assays. Viral RNA was isolated from serum
using the commercial kit QIAamp® Viral RNA
(QIAGEN). Conventional RT-PCR tests were per-
formed following the Lanciotti protocol [21]. Real
time RT–PCRs were conducted with the CDC Kit
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DENV-1–4 Real-Time RT–PCR [22] (CDC, Puerto
Rico, USA). Positive and negative controls were
included in each test.

Data analysis

Vitamin D serostatus and progression to DHF/DSS

We first compared the distribution of baseline charac-
teristics between DHF/DSS cases and controls.
Sociodemographic, anthropometric, clinical, viro-
logical, and immunological variables were categorized
as presented in Table 1. Case–control differences were
tested with the use of χ2 and Wilcoxon Rank-Sum
tests for categorical and continuous characteristics,
respectively. Next, we examined the associations
of baseline covariates with the primary exposure,
25(OH)D, among controls. The distribution of back-
ground characteristics was compared across conven-
tional 25(OH)D status categories [23] 575 (sufficient),
50 to <75 (insufficient), or <50 nmol/l (deficient).
Using a lower cutpoint to characterize deficiency
(e.g. <30 nmol/l) was not feasible due to the small
number of participants with 25(OH)D concentrations
below this value. We used Cochran–Armitage tests
for trend for dichotomous variables and a Wald
test for a linear term representing 25(OH)D categor-
ies in linear regression models for continuous
covariates.

To examine the association of 25(OH)D with DHF/
DSS, we compared the odds of exposure to 25(OH)D
status categories between cases and controls with the
use of unconditional logistic regression. Adjusted
odds ratios (OR) with 95% confidence intervals (CI)
were estimated from multivariable logistic regression
with covariates that were associated with case status
or related to 25(OH)D at P < 0·10 and remained sign-
ificant in the model at P < 0·05 or that were consid-
ered relevant from a biological viewpoint. Because
in a previous cross-sectional study the relation
between 25(OH)D and DHF was restricted to patients
with secondary infections [10], we examined whether
type of infection modified the association of 25(OH)
D and DHF/DSS, through stratification. The statis-
tical significance of the interaction was tested with
use of the likelihood ratio test.

Change in vitamin D status from the acute episode to
post-convalescence

In the subgroup of 15 DHF/DSS cases and 30 controls
with a post-convalescence blood sample, we estimated

the difference in total 25(OH)D concentrations
between after >1 year of recovery and the acute epi-
sode. We used a repeated measures linear regression
model with 25(OH)D as a continuous outcome and
order of measurement, sex, age at the time of the
acute episode, and month of sample collection as pre-
dictors. An unstructured covariance matrix was spe-
cified to account for within-subject correlations.
Analyses were conducted separately for cases and con-
trols and for both groups combined. Participants with
a post-convalescence sample were more likely to have
been recruited during the epidemic period, were
younger and of lower socioeconomic status, and con-
sulted later after the onset of fever than those without
these samples. They did not differ with respect to
baseline 25(OH)D levels or other variables.

VDBP in relation to DHF/DSS

We compared the distribution of VDBP between 17
cases and 44 controls using Wilcoxon Rank-Sum
tests. The subset of participants with these measure-
ments did not differ from the rest with respect to
total 25(OH)D concentrations or any of the baseline
characteristics measured.

All analyses were carried out with Statistical
Analysis Software version 9·4 (SAS Institute Inc.
Cary, NC).

RESULTS

Characteristics of cases and controls

Half of participants were women (n= 174); mean ± S.D.
age was 26·6 ± 15·2 years (range: 5–86), 24·9% were
<15 years. Compared with controls, cases were
significantly older, consulted earlier after the onset
of fever, had lower platelet counts, and had higher
concentrations of IL-10 and IL-6 (Table 1). Most
cases occurred during the endemic period and during
the months of March/April. In the subgroup with
information on DENV serotype, the ratios of controls
to cases for serotypes 1, 2, 3, and 4 were, respectively,
17 : 3, 4 : 10, 17 : 12, and 11 : 4. Cases did not differ
significantly from controls with respect to other base-
line characteristics.

Correlates of 25(OH)D

Among controls, 25(OH)D was inversely associated
with female sex and age (Table 2). Associations with
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other baseline characteristics were not statistically
significant.

25(OH)D and progression to DHF/DSS

Mean ± S.D. 25(OH)D (nmol/l) did not differ signifi-
cantly between controls (95·3 ± 25·8) and cases
(93·1 ± 19·7) (P = 0·73). Nevertheless, the odds of
exposure to vitamin D insufficiency or deficiency
were significantly lower in cases than they were in
controls (Table 3). Compared with vitamin D con-
centrations 575 nmol/l, OR (95% CI) for vitamin
D insufficiency and deficiency were, respectively,

0·44 (0·22, 0·88) and 0·13 (0·02, 1·05) (P, test for
trend = 0·003) after adjustment for sex, age, hours
with fever before consultation, and IL-10 concentra-
tions. The association did not differ between patients
with primary and secondary infections (P, test for
interaction = 0·45).

Change in vitamin D status from the acute episode to
post-convalescence

Among the 45 participants with post-convalescence
sera, total 25(OH)D concentrations were an adjusted
16·8 nmol/l lower than they were at the onset of the

Table 1. Characteristics of dengue fever controls and dengue hemorrhagic fever/dengue shock syndrome cases at the
initial clinic visit

Characteristics
Controls
n= 235

Cases
n= 110 Pa

Sociodemographic and anthropometric (%)
Male sex 50·2 48·2 0·73
Age <15 years 29·8 14·6 0·002
Low socioeconomic statusb 33·2 33·9 0·89
Short staturec 12·6 15·1 0·53
Obesityd 8·5 9·4 0·77

Clinical (%)
Episode in the epidemic period 38·3 23·6 0·007
Episode in March/Aprile 15·3 35·5 <0·0001
572 h with fever before consultation 65·5 55·5 0·07
Spontaneous hemorrhage 8·9 9·1 0·96
Orthostatic hypotension 12·3 16·4 0·31
Tourniquet test positive 39·5 48·6 0·11
Thrombocytopeniaf 14·9 50·6 <0·0001
Hematocrit %, (mean ± S.D.) 41·8 ± 4·4 41·7 ± 4·7 0·61

Virological (%)
Secondary infection 27·2 27·6 0·94
Serotype 2 or 3g 42·9 75·9 0·005

Immunological (mean ± S.D.)
Interferon-gamma (pg/ml) 41·8 ± 53·5 53·0 ± 64·7 0·15
Interleukin-10 (pg/ml) 138·4 ± 211·5 205·3 ± 253·1 0·0001
Interleukin-6 (pg/ml) 4·9 ± 9·8 5·1 ± 3·6 <0·0001
Tumor necrosis factor-α (pg/ml) 14·7 ± 8·8 16·6 ± 10·6 0·14

a χ2 and Wilcoxon Rank-Sum tests for dichotomous and continuous characteristics, respectively.
b Strata 1 and 2 (out of 5) of the local government’s socioeconomic status classification of households for tax and planning
purposes.
c For participants <18 years of age, height-for-age Z score <–1 according to the World Health Organization sex-specific
growth reference for school-aged children and adolescents [38]. For participants 518 years of age, height <–1 Z of the
sex-specific distributions of controls (<151 cm for women and <167 cm for men).
d For participants <18 years of age, BMI-for-age 52 Z according to the World Health Organization sex-specific growth
reference for school-aged children and adolescents. For participants 518 years of age, BMI 530 kg/m2.
eMonths with highest average annual ultraviolet B radiation in the city (11 and 10·5 mW/cm2nm in March and April,
respectively, vs. <10 mW/cm2nm in any other month).
f Platelet count <100 000/mm3.
g DENV serotyping was conducted in a subsample of 49 controls and 29 cases.
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acute episode (P < 0·0001) (Table 4). The decline was
comparable between cases and controls.

VDBP and progression to DHF/DSS

Mean ± S.D. VDBP was higher in controls (5733 ±
2424 nmol/l) compared with cases (5175 ± 3470
nmol/l), but the difference was not statistically signifi-
cant (P= 0·18).

DISCUSSION

In this case–control study of DF patients, lower vita-
min D serostatus at the onset of fever was associated
with decreased odds of progression to DHF/DSS. 25
(OH)D concentrations decreased markedly from the
time of the acute episode to >1 year post-convalescence
in both cases and controls. VDBP was lower in cases
than among controls, although this difference was not
statistically significant.

Table 2. Serum total 25-hydroxy vitamin D concentrations according to baseline characteristics among dengue fever
controls

Characteristics

Serum total 25-hydroxy vitamin D (nmol/l)

Pa
575
n= 180

50 to <75
n= 46

<50
n= 9

Serum total 25(OH)D (mean ± S.D.) 104·8 ± 21·4 67·7 ± 6·1 47·4 ± 2·0
Sociodemographic and anthropometric (%)

Male sex 58·9 23·9 11·1 <0·0001
Age <15 years 35·0 15·2 0·0 0·001
Low socioeconomic statusb 32·8 34·8 33·3 0·84
Short staturec 11·5 15·0 22·2 0·29
Obesityd 6·7 15·0 11·1 0·15

Clinical (%)
Episode in the epidemic period 37·8 41·3 33·3 0·90
Episode in March/Aprile 16·1 13·0 11·1 0·53
572 h with fever before consultation 67·8 58·7 55·6 0·20
Spontaneous hemorrhage 10·6 4·4 0·0 0·11
Orthostatic hypotension 11·1 17·4 11·1 0·43
Tourniquet test positive 37·2 43·2 66·7 0·09
Thrombocytopeniaf 14·5 11·4 37·5 0·36
Hematocrit % (mean ± S.D.) 41·8 ± 4·2 42·0 ± 4·9 40·9 ± 5·7 0·87

Virological (%)
Secondary infection 27·3 25·6 33·3 0·91
Serotype 2 or 3g 40·5 50·0 − 0·57

Immunological (mean ± S.D.)
Interferon-gamma (pg/ml) 42·3 ± 57·2 38·0 ± 36·1 51·0 ± 54·1 0·94
Interleukin-10 (pg/ml) 145·5 ± 222·9 97·7 ± 111·4 204·6 ± 334·4 0·59
Interleukin-6 (pg/ml) 5·2 ± 11·1 3·9 ± 2·8 4·7 ± 3·0 0·48
Tumor necrosis factor-α (pg/ml) 14·4 ± 8·6 15·4 ± 9·2 17·3 ± 10·3 0·26

a Cochran-Armitage test for trend for dichotomous characteristics. For continuous characteristics, test for linear trend when a
variable representing vitamin D categories was introduced into a linear regression model as a continuous predictor.
b Strata 1 and 2 (out of 5) of the local government’s socioeconomic status classification of households for tax and planning
purposes.
c For participants <18 years of age, height-for-age Z score <–1 according to the World Health Organization sex-specific
growth reference for school-aged children and adolescents [38]. For participants 518 years of age, height <–1 Z of the
sex-specific distributions of controls (<151 cm for women and <167 cm for men).
d For participants <18 years of age, BMI-for-age 52 Z according to the World Health Organization sex-specific growth
reference for school-aged children and adolescents. For participants 518 years of age, BMI 530 kg/m2.
e Highest average annual ultraviolet B radiation in the region (11 and 10·5 mW/cm2nm in March and April, respectively, vs.
<10 mW/cm2nm in any other month).
f Platelet count <100 000/mm3.
g DENV serotyping was conducted in a subsample of 49 controls and 29 cases.
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Although contrary to our hypothesis, the positive
association between total 25(OH)D concentrations
and incidence of DHF/DSS is a novel finding. This
question had only been addressed in a cross-sectional
study in India, in which mean 25(OH)D concentra-
tions were non-significantly higher in 38 patients
with DHF compared with 45 DF controls [10].
Potential explanatory mechanisms remain speculative.
Vitamin D has been related to a decreased anti-
inflammatory IL-10 response to viral toll-like
receptor-3 stimulation [24]. In addition, some [25] –
albeit not all [26] – studies of intracellular infections
have suggested that vitamin D may increase dendritic
cell expression of CD209, a dengue virus receptor.
This could, in theory, enhance cellular susceptibility
to infection, viral replication, and inflammation. A
different mechanistic path could involve expression
of the vitamin D receptor (VDR) in immune cells.
Some studies have found associations between VDR
genetic polymorphisms and risk of progression to

severe dengue [27–29], but whether VDR expression
differs between progressors and non-progressors has
not been investigated.

The association of serum total 25(OH)D with
DHF/DSS should also be interpreted considering the
comparison with post-convalescence concentrations.
25(OH)D levels after >1 year from the acute episode
were markedly lower compared with those in acute
sera, regardless of case status. Although the habitual
baseline 25(OH)D levels of this population are
unknown, the post-convalescence concentrations are
closer to those previously reported for apparently
healthy Colombian school children [30] than the
acute episode concentrations. This finding is consist-
ent with the cross-sectional study in India [10] in
that 25(OH)D concentrations of healthy controls
were much lower than those of patients with DF or
DHF. This ‘gradient’ of lower, middle, and higher
25(OH)D concentrations for people without dengue
infection, with DF only, and with DHF/DSS,

Table 3. Vitamin D status at the time of consultation for the acute episode and progression to dengue hemorrhagic
fever/dengue shock syndrome

Serum total 25-hydroxy vitamin D (nmol/l)

Pa575 50 to <75 <50

Ratio of controls to cases 180 : 96 46 : 13 9 : 1
Odds ratio (95% confidence interval)b

Unadjusted 1·00 0·53 (0·27–1·03) 0·21 (0·03–1·67) 0·02
Sex and age-adjusted 1·00 0·44 (0·22–0·87) 0·15 (0·02–1·24) 0·004
Multivariable-adjustedc 1·00 0·44 (0·22–0·88) 0·13 (0·02–1·05) 0·003

a Test for trend when a variable representing ordinal categories of 25(OH)D concentrations was introduced into the logistic
regression model as a continuous predictor.
b From unconditional logistic regression.
c Adjusted for sex (1 indicator variable), age <15 years (1 indicator), 572 h with fever before consultation (1 indicator), and
serum interleukin-10 (continuous).

Table 4. Differences in serum 25-hydroxy vitamin D between the time of consultation for the acute episode and
>1 year post-convalescence

Serum 25-hydroxy vitamin D (nmol/l)
Controls
n= 30

Cases
n= 15

All
n= 45

Acute episode (mean ± S.D.) 92·2 ± 21·6 93·1 ± 17·2 92·5 ± 20·0
Post-convalescence (mean ± S.D.) 71·9 ± 15·5 71·7 ± 14·7 71·8 ± 15·1
Unadjusted mean difference (95% CI)a −20·4 (−25·7 to −15·0) −21·4 (−28·2 to −14·6) −20·7 (−24·9 to −16·5)
Adjusted mean difference (95% CI)b −17·1 (−25·2 to −8·9) −16·1 (−25·5 to −6·6) −16·8 (−24·4 to −9·2)

a From a repeated measurements linear regression model with an unstructured covariance matrix to account for the intra-
subject correlation of measurements.
b Adjusted for sex, age <15 years at the time of the acute episode, and month of measurement.
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respectively, raises the possibility that the infection eli-
cits an acute increase in circulating vitamin D as part
of the body’s defense response. Eighty-eight percent of
25(OH)D circulates bound to VDBP with high
affinity, another 12% circulates bound to albumin
with lower affinity, and only 0·03% is unbound and
considered free vitamin D [13]. Bioavailable vitamin
D is the fraction unbound to VDBP; thus, increasing
vitamin D bioavailability as part of a defense response
should occur through enhancing the 25(OH)D frac-
tion unbound to VDBP and this might happen by
decreasing VDBP. Consistent with this possibility, in
our study DHF/DSS cases had lower VDBP than con-
trols, even though this difference was not statistically
significant. Circulating VDBP might decrease in
patients with severe dengue through reduced protein
expression but this was not the case in one study of
10 patients [31]. An anecdotal report of five cases
with DF suggested that the administration of vitamin
D and calcium during the acute episode shortened the
duration of disease [32]; thus, the potential therapeutic
value of enhancing vitamin D bioavailability during
acute dengue infection requires careful consideration
in future investigations.

Our study has several strengths. Prospective collec-
tion of outcome information reduced misclassification
and the use of an objective biomarker of exposure pre-
vented recall bias. We had the possibility to consider
and control for important potential confounders,
including markers of inflammation. Case-control dif-
ferences in known predictors of progression to severe
dengue provided indirect evidence of internal validity.
For example, IL-10 and IL-6 concentrations were
higher in cases compared with controls, as previously
reported [33]. TNF-α was also higher in cases than
controls as expected, albeit the difference was not stat-
istically significant possibly owing to low statistical
power. We examined a subsample of participants to
compare their own exposure status during a disease-
free period; this approach is stronger than using a dif-
ferent set of healthy controls because any differences
in vitamin D status during the two periods cannot
be attributed to time-invariant characteristics includ-
ing genetics and some environmental exposures. We
had the possibility to measure VDBP in a subsample,
to generate new hypotheses.

A few limitations are also worth noting. Despite
the prospective nature of data collection, reverse
causation bias cannot be completely ruled out.
Reverse causation could explain the results if factors
that predispose progression influenced 25(OH)D

concentrations before the acute sample was collected.
For example, increased vascular permeability early
during the infection could have resulted in protein
leakage to the extravascular space with greater plasma
loss of VDBP- and albumin-bound 25(OH)D in
patients who would become cases than among con-
trols. Lower VDBP concentrations in cases compared
with controls would be consistent with this possibility.
Early plasma leakage could also result in hemocon-
centration, increasing 25(OH)D in patients who
would become cases. Nevertheless, we did not find dif-
ferences in baseline hematocrit between cases and con-
trols. Early hemoconcentration during the DF episode
could explain the higher 25(OH)D concentrations
measured in the acute sample compared with those
collected post-convalescence. Another potential limi-
tation is selection bias, which may occur when the
selection of controls is not independent of exposure
status. In our study, selected controls differed from
non-selected non-cases in characteristics that may be
related to 25(OH)D concentrations, including body
weight; thus, it is not possible to completely discard
selection bias. The subsample of patients with post-
convalescence samples was not comparable with the
rest of participants with respect to some characteristics
and statistical power to examine the association of
VDBP with progression to DHF/DSS was limited.
Lack of sample volume and funding constraints pre-
vented us from determining DENV serotype in all
study participants. Nevertheless, this is not a major
limitation of the study because serotype was not
related to vitamin D status and is therefore an unlikely
source of confounding. Finally, case definition was
not based on the more recent classification of dengue
severity proposed by the WHO in 2009 [34]. This clas-
sification has higher sensitivity than the 1997 classifi-
cation to identify patients with severe dengue that
would require intensive care [35–37].

In conclusion, low total serum 25-hydroxy vitamin
D concentrations at the time of DF diagnosis predict
decreased odds of progression to DHF/DSS. There
may be differences in serum VDBP related to the
severity of dengue infection. Circulating vitamin D
is much higher during an acute dengue episode than
during disease-free period.
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