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Genetic ancestry and income are associated with
dengue hemorrhagic fever in a highly admixed
population
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To test whether African ancestry is protective for severe dengue, we genotyped 49 hospitalized cases of
dengue hemorrhagic fever (DHF) as well as 293 neighborhood cases of dengue fever and 294
asymptomatic controls in Salvador, Bahia, Brazil. Ancestry-informative markers and 282 unlinked SNPs not
associated with the clinical presentation of dengue were used to estimate ancestry. After controlling for
income, both self-defined Afro-Brazilian ethnicity and African ancestry were protective for DHF (P=0.02,
OR=0.28 and P=0.02, OR=0.13, respectively). Income or an index of income indicators, however, was
also independently associated with the diagnosis of DHF.
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Introduction

The epidemiology of dengue hemorrhagic fever (DHF)
suggests that some ethnically defined populations differ in
their susceptibility. In the Cuban dengue epidemics of
1981 and 2001, African ancestry appeared to be relatively
protective for DHF and dengue shock syndrome, but not
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for classic dengue fever (DF).! In Haiti, from 1994 to 1999,
no cases of DHF were reported despite intense circulation
of three serotypes,” and although dengue virus circulates
sporadically in Africa, there have been no reported
epidemics of DHF3 Socioeconomic factors also may
influence the severity of dengue. In Asia, ethnic Chinese
in Singapore show a higher attack rate for DHF compared
to ethnic Malays and Asian Indians.* In Trinidad, however,
it was the Pakistani/Asian Indian population that appeared
to disproportionately suffer severe disease.® In each case,
the economically more advantaged group was more
affected. As income and ethnic background are inter-
related, we tested these associations using self-declared
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ethnicity, genetic ancestry and income in Salvador, Bahia,
Brazil.

Materials and methods

Population

The Bahia State Secretariat of Health identified 91 pre-
sumptive cases of grade II DHF during 2002 and 2003 in
the capital city of Salvador by active surveillance of city
hospitals. Of those, 31 met all World Health Organization
diagnostic criteria® (confirmed) and 34 met all criteria,
except for documentation of hemoconcentration (sus-
pected). Of those with confirmed or suspected DHF, 55
were contacted and agreed to participate in the study along
with at least four neighbors who reported having classic
dengue fever in 2002 (n=293) and four who reported
to have never experienced symptoms of dengue (n=294).
The controls were matched for age above or below 15, but
not for sex.” Demographic, socioeconomic and environ-
mental data as well as 10 ml of blood were collected from
all subjects. Written informed consent was obtained from
participants and/or their guardians. The study was
approved by the ethical review boards of University
Hospitals of Cleveland, the Oswaldo Cruz Foundation,
Bahia and the Brazilian National Commission on Ethics
in Research.

Serology and genotyping

The Evandro Chagas Institute’s Arbovirus Laboratory
performed the dengue IgG ELISAs (positive =titer <1:40).
Genomic DNA was genotyped by Illumina BeadArray
(Illumina, CA, USA). Six replicates and two trios were used
to guide the clustering and to calculate error rates. Two
different analysts interpreted the genotyping results using
GenCall software v. 6.2.0.4 (Illumina, CA, USA). For
estimating ancestry, 30 ancestry informative markers
(AIMs)® and 282 unlinked SNPs not associated with the
clinical presentation of dengue were genotyped.

Data analysis

Logistic regression was performed using SPSS v. 10 (SPSS
Inc., IL, USA). Self-declared ethnicity followed categories
(white, mixed, black, Indian/Asian) recognized by the
Brazilian Census (Instituto Brasileiro de Geografia e Estatistica-
IBGE). ‘Income’ was reported in government-defined
units of Monthly Minimum Salaries (1-MMS=US$97.03
in 2004). This was normalized by log;o (MMS+ 1) trans-
formation. Income was further transformed into an index
based on the sum of coefficients from linear regression of
socioeconomic variables that were significantly correlated
with log income.

Genetic ancestry was estimated with the program
Structure 2.1° under the admixture model assuming
independent population allele frequencies. The burn-in
length was 10000 with 100000 iterations. The major
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populations of origin were European and African; there-
fore, two subpopulations (K=2) were modeled. Summary
statistics indicated convergence, and the results from three
runs were consistent. The ancestry estimates were graphed
with the program DISTRUCT.'® Corresponding genotypes
for 60 individuals from the Nigerian Yoruba ethnic group
and 60 ethnic Caucasians (pseudoancestors) were obtained
from the Hapmap Project database and included for
comparison and to improve the ancestry estimates.'!

Results

For each group, 8-11% were excluded for a negative
dengue IgG ELISA. For DHE, 19 suspected and 30 confirmed
cases were analyzed. The DF group had significantly lower
income than any of the other groups, but age and sex
distributions were similar for all. Mean income by ethnicity
was similar to that reported by the IBGE for Salvador.
Results did not differ significantly using either income or
the income index (not shown). Results using the index will
be presented, as this was available for all individuals
compared to 87% for income.

The genotype calls for the two analysts were highly
correlated (r=0.99 £0.03), and genotyping was successful
for 93.5% of the markers and 98.8% of the samples. The
error rate was low by replicate (0.13%), sexual (0.01%) and
Mendelian (0.07%) inconsistencies. Seven SNP genotypes
using a primer extension method for 65 samples were
consistent with the Illumina genotype results.

The mean African ancestry for the whole population
differed significantly if AIMs alone (0.54), unlinked non-
AIMs (0.42) or both markers (0.44) were used (all P’s <0.001
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Figure 1 Admixture estimates. Ancestry estimates based on 312

unlinked markers and modeled for two populations (K= 2). The ethnic
or geographic classifications were ordered for increasing African
ancestry. Each line represents % African ancestry (black) and %
European ancestry (white) for one individual.
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Table 1 Suspected and confirmed DHF, ethnicity and income

Models Variables DHF vs DF & asymptomatic DHF vs DF DHF vs asymptomatic
P OR P OR 95% ClI P OR 95% ClI

Ethnicity and DHF

Suspected and Sex 0.74 111 0.59-2.09 0.91 1.04 0.52-2.07 0.59 1.20 0.62-2.31

confirmed DHF?

Age 0.07 098 0.96-1.00 0.09 0.98 0.96-1.00 0.06 0.98 0.96-1.00
Mixed® 0.74 0.88 0.42-1.86 0.50 0.75 0.33-1.71 0.99 0.99 0.45-2.20
Black <0.05 0.35 0.13-0.98 0.02 0.28 0.10-0.81 0.13 0.44 0.15-1.28
Income index 0.01 8.73 1.84-41.48 <0.01 13.33 2.36-75.29 0.03 6.37 1.22-33.40
Confirmed DHF only Sex 0.32 1.51 0.67-3.40 0.43 1.41 0.60-3.35 0.26 1.61 0.70-3.69
Age 0.57 099 0.97-1.02 0.71  1.00 0.97-1.02 0.46 0.99 0.97-1.02
Mixed 0.85 1.10 0.41-2.92 094 096 0.34-2.72 0.75 1.18 0.43-3.26
Black 0.30 0.51 0.14-1.82 0.20 0.42 0.11-1.58 0.44 0.60 0.16-2.22
Income index 0.04 743 1.07-51.85 0.02 10.96 1.40-85.79 0.11 5.05 0.68-37.63

Ancestry and DHF
Suspected and Sex 0.85 1.06
confirmed DHF

Age 0.09 0.98
%African ancestry 0.06 0.23
Income index 0.03 5.88
Confirmed DHF only Sex 0.24 1.65
Age 0.64 0.99
%African ancestry 0.10 0.20
Income index 0.07 6.38

0.57-1.98 094 0.98 0.50-1.90 0.89 1.05 0.55-1.99

0.96-1.00 0.18 0.99 0.96-1.01 0.11 0.99 0.97-1.00
0.05-1.07 0.02 0.13 0.02-0.69 0.18 0.34 0.07-1.64
1.17-29.69 0.01 9.71
0.72-3.80 0.26 1.66 0.69-4.00 0.21 1.73 0.73-4.07
0.97-1.02 0.73 1.00 0.97-1.02 0.54 1.00 0.97-1.02
0.03-1.33 0.04 0.12 0.02-0.92 0.18 0.23 0.04-1.86
0.84-48.27 0.04 9.57

1.70-55.62 >0.05 5.32 0.98-28.96

1.15-79.66 0.16 4.49 0.55-36.52

aSuspected DHF (n=19), confirmed DHF (n = 30).

PReference group White ethnicity. Those claiming predominantly Amerindian, Chinese or Japanese background comprised 2.1%.
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Figure 2 Correlation between ancestry and income. r*=0.12.

Ancestry estimates based on 312 unlinked markers. Income repre-
sented by the income index (see Methods).

by Student’s t-test). Relative to the pseudoancestors,
all ethnic groups had some degree of admixture (Figure 1).
When ethnicity was analyzed controlling for age, sex and
income index, self-declared black ethnicity was signifi-
cantly protective for DHF (Table 1). The association was
primarily driven by comparing DHF with DF (P=0.02;
OR=0.277). When only confirmed cases were considered,
however, ethnicity was not significant for any comparison,
perhaps due to sample size. Increasing income index
increased risk and was the most consistent correlation.
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An increasing percentage of genetic African ancestry was
protective for DHF with or without controlling for the
income index (Table 1). This association was also driven by
the comparison of DHF with DF (OR 0.13). Income was
significantly associated with all comparisons between DHF
and DF, but not DHF and the asymptomatic group alone. The
results did not differ significantly whether the analysis was
conducted with only the AIMs or the non-AIMs (not shown).

Income and percent African ancestry were only weakly
correlated (*=0.12) and not collinear. The graph of the
correlation between the income index and ancestry indicated
two main income clusters. The poor were well represented by
all degrees of African ancestry, but those better off were
predominantly of European ancestry (Figure 2).

Discussion
In the Americas, the contribution of ancestral populations
to an individual’s genetic makeup is often complex and
poorly captured by categorical descriptions, such as race or
ethnicity. For DHF, the contribution of ancestry is im-
portant only in that it may suggest the presence of one or
few major genes?, and these will be characterized by
unequal distribution of polymorphisms depending on
ancestral mixture.

For the population of Salvador, Brazil, dengue severity
was significantly associated with both self-declared



ethnicity and ancestry, especially when compared to
individuals presenting with DFE. That the comparison of
DHF with DF produces the strongest genetic associations has
been reported previously.'> The study also indicates that
higher income, and by extension socioeconomic factors, is
also strongly associated. Although rates of hospitalization
may differ by income, we controlled for this variable.

Income-based differences in access to the health care
system could explain how DHF might be associated with
socioeconomic factors. DHF is a hospital-based diagnosis
and may be made more frequently for economically
advantaged individuals. In the USA, even where socio-
economic conditions are similar, utilization of the health
care system may differ by ethnic group,'® and the same also
occurs in Brazil."* Finally, exposure to dengue may also
differ by socioeconomic level and may help explain an
association of DHF with income.'® Ancestry and income
are important factors independently associated with the
occurrence of DHF and must be considered as covariates in
genetic studies of DHF.
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