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rs2069727) may play an important role during secondary
outcomes of severe dengue in Brazilian patients
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ABSTRACT

Dengue is a global and growing health threat, especially in Southeast Asia, West
Pacific and South America. Infection by the dengue virus (DENV) results in dengue fever,
which can evolve to severe forms. Cytokines, especially interferons, are involved in the
immunopathogenesis of dengue fever, and so may influence the disease outcomes. The aim of
this study was to investigate the association between severe forms of dengue and two single
nucleotide polymorphisms (SNPs) in the interferon-gamma gene (IFNG): A256G (rs2069716)
and A325G (rs2069727). We included 274 patients infected with DENV serotype 3: 119 cases
of dengue without warning signs (DWoWS), and 155 with warning signs (DWWS) or severe
dengue (SD). DNA was extracted, and genotyped with Illumina Genotyping Kit or real time
PCR (TagMan probes). We estimated the adjusted Odds Ratios (OR) by multivariate logistic
regression models. When comparing with the ancestral AA/AA diplotype (A256G/A325G),
we found a protective association of the AA/AG against DWWS/SD among patients with
secondary dengue (OR 0.51; 95% IC 0.24-1.10, p = 0.085), adjusting for age and sex. The
variant genotype at locus A325G of the IFNG, in combination with the ancestral genotype
at locus A256G, can protect against severe clinical forms of secondary dengue in Brazilian
DENV3-infected patients.

KEYWORDS: Cytokine. Interferon-gamma. Polymorphism. Single nucleotide. Dengue

virus.

INTRODUCTION

Dengue virus (DENV) is a flavivirus with four pathogenic serotypes (DENV1-4),
which are transmitted by Aedes mosquitoes'?. Half of the global population is under
risk of DENV infection, with 400 million cases and 20 thousand deaths per year'?.
In Brazil, the incidence of DENYV infection had an increase of 600% between 2016
and 2019, reaching two million people®.

Dengue fever ranges from mild acute illness to severe. Severe dengue is a
life-threatening form of vascular leakage syndrome, fluid loss, organ impairment,
bleeding and shock*. Dengue fever is influenced by pathogen characteristics,
environmental factors, and genetic, epigenetic and immunity of the human host.
Severe forms are attributed to the adaptive immune response against a secondary
infection by heterologous serotype, namely antibody-dependent enhancement
(ADE)®. In turn, components of the innate immunity, such as T cell response and
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cytokines, can also play a role in severe dengue®’. Amongst
cytokines, the interferons (IFN) pathway stands out as a
first line of host defense against DENV and can modulate
the ADES.

The interferon family includes type I (IFN-o and
IFN-B), type II (IFN-y) and type III IFN-A1:4). Generally,
IFN-a and IFN-f can eliminate the DENV within the first
hours of infection, by activating a cascade for infected
cells to neutralize the virus®. In turn, IFN-y seems to act
by limiting viral replication and spread, and protecting
against systemic vascular leakage®®. Therefore, it is
possible that variations in the IFN genes, such as single
nucleotide polymorphisms (SNPs), can modulate outcomes
in dengue. For instance, SNPs in the genes of IFN-A1 and
IFN-A3 already were associated and included for dengue
investigations in different populations’*.

In a previous DENV3 cohort in Northeastern Brazil,
we had searched 322 SNP of innate immunity genes and
found that a set of 13 SNP at 10 genes, including the
interferon-gamma gene (IFNG), could accurately predict
severe dengue’®. Two SNPs in IFNG (A256G and A325G)
presented high frequencies in our cohort, thus herein we
investigated their interaction with severe forms of dengue.

MATERIALS AND METHODS

We performed a case-control study nested within
a previous cohort of DENV3 patients in Recife city,
Northeastern Brazil. The protocol of the cohort study has
been published'". We selected a subsample of 274 patients
with a confirmed acute DENV3 infection. Subjects were
classified as dengue without warning signs (DWoWS)
(n=119), dengue with warning signs (DWWS) (n = 130)
or severe dengue (SD) (n = 25), according to guidelines
of the World Health Organization (WHO)*. DWoWS is
characterized by usual and mild manifestations of dengue
fever; DWWS is defined by mucosal bleeding, ascites,
abdominal pain or persistent vomiting; and SD presents
major bleedings, shock or organ failures®. For this study,
274 dengue patients were selected and assigned between the
case group (SD or DWWS) or controls (DWoWS).

Age, gender and sequence of infection (primary/
secondary) were defined as covariables. The primary acute
infection was characterized by the absence of anti-DENV
IgG antibodies in the serum sample, whereas the secondary
acute infection was characterized by detection of anti-
DENYV IgG in the acute serum sample and the absence of
anti-DENV IgM.

Acute infection was confirmed in all cases and controls,
based on the presence of two or more clinical symptoms
of dengue and at least one of the following laboratorial
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criteria: anti-DENV IgM-positive; isolation of virus and/or
viral RNA detection; anti-DENV IgG-negative in an
acute sample followed by a positive one in a convalescent
sample'.

Peripheral blood samples were collected, and the
DNA was extracted using the Wizard Genomic DNA
Purification Extraction Kit (Promega, Madison, WI, USA).
Our explicative variables were the IFNG SNPs A256G
and A325G. Genotyping was performed by real time PCR
(RT-PCR) using the TagMan SNP Genotyping Assay
Kit (Life Technologies®, Burlington, Canada), according
to the recommended protocol, or Illumina GoldenGate
Genotyping Kit® (Illumina, San Diego, CA, USA).

The SNPs frequencies were tested for Hardy-Weinberg’s
equilibrium and associations performed using the x? test.
We calculated crude ORs and adjusted for age, gender and
sequence of infection in a saturated multivariate logistic
regression model, using Stata software (version 14,
StataCorp®, College Station, USA). We also proceeded to
an analysis stratified by sequence of infection, an interaction
factor, and differences were considered significant at
p <0.05.

This study was approved by the committee on human
experimentation of the Brazilian Ministry of Health (CEP N°
68/02, CONEP N°4909, process N°25000.119007/2002-03)
and by the institutional review board of the Johns Hopkins
School of Medicine (JHM-IRB-3 N° 03-08-27-01). All
participants went through the informed consent process
and signed the written consent form.

RESULTS

The study population comprised 154 cases (DWWS/SD)
and 119 controls (DWoWS), with a mean age of 28 years (5
to 64 years), 56% female (153/273), and 55.7% of patients
with secondary dengue (151/271) (Table 1). Allelic
frequencies were in Hardy-Weinberg’s equilibrium for
both the investigated SNPs (x*>= 0.0008 and 0.0007). The
frequency distribution of alleles (A and G) at locus A256G
and A325G in patients with DWoWS was similar to patients
with DWWS/SD, as well as the frequency distribution of
genotypes: AA, AG and GG (Table 2). The ancestral allele
A and genotype of AA of SNP A256G was present in
more than 90% of the patients in case group (DWWS/SD)
and controls (DWoWS), while around 4% and 8% of
patients presented the allele G and genotype AG in each
group respectively. Regarding the SNP A325G, allele
A and genotype AA were present in around 60% and
38%, respectively, whilst allele G was around 37%, and
genotypes AG and GG, around 48% and 13%, respectively
(Table 2).
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Table 1 - Distribution by age, gender, primary and secondary dengue in case (DWWS/SD) and control (DWoWS).

Variables All (N = 273) DWoWS (N = 119) DWWS/SD (N = 154)
Age (years) 279 29.6 26.6

Female — N (%) 153 (56) 68 (57.6) 85 (55.2)
Primary dengue — N® (%) 120 (44.3) 50 (42.4) 70 (45.8)
Secondary dengue — N2 (%) 151 (565.7) 68 (57.6) 83 (54.2)

N® observations 271 118 153

DWoWS = dengue without warning signs; DWWS = dengue with warning signs; SD = severe dengue; N° observations = N.

Table 2 - Allele, genotypic and diplotypic frequencies of single nucleotide polymorphisms A256G” (rs2069716) and A325G (rs2069727)
of the interferon-gamma gene in case (DWWS/SD) and control (DWoWS) groups.

SNPs/ Study group Logistic regression model N¢ observations

diplotypes All DWoWS  DWWS/SD Crude p Adjusted p Crude Adjusted
(N=273) (N=119) (N =154) OR (Cl) OR (Cl)? OR OR

A256G rs2069716

AA 250 (91.6) 109 (91.6) 141 (91.6) Ref. Ref. 2720 270°

AG 22 (8.0) 10 (8.4) 12 (7.8) 0.92 (0.39;2.23) 0.867 0.91(0.38;2.20) 0.836

GG 1(0.4) 0 (0) 1(0.6)

A 522 (95.6) 228 (95.8) 294 (95.4)

G 24 (4.4) 10 (4.2) 14 (4.6)

A325G rs2069727

AA 109 (38.8) 39 (32.8) 67 (43.5) Ref. Ref. 273 271¢

AG 137 (48.0) 64 (53.8) 67 (43.5) 0.61(0.36;1.03) 0.063 0.64 (0.38;1.09) 0.103

GG 36 (13.2) 16 (13.4) 20 (13.0) 0.72 (0.34;1.57) 0.416  0.72(0.33;1.58) 0.418

A 343 (62.8) 142 (59.7) 201 (65.2)

G 203 (37.2) 96 (40.3) 107 (34.8)

A256G/A325G

AA/AA 106 (38.8) 39 (32.8) 67 (43.2) Ref. Ref. 2724 270f

AA/AG 114 (41.8) 57 (47.9) 57 (36.8) 0.58 (0.34;1.00) 0.049 0.61 (0.36;1.06) 0.082

AA/GG 30 (11) 13 (10.9) 17 (11) 0.76 (0.33;1.73) 0.516  0.76 (0.33;1.75)  0.521

AG/AG 16 (5.9) 7 (5.9) 9 (5.8) 0.75(0.26;2.2)  0.593 0.77 (0.26;2.25)  0.633

AG/GG 6(2.2) 3(1.1) 3(1.9) 0.58 (0.11;3.03) 0.520 0.56 (0.10;2.97)  0.495

GG/AG 1(0.4) 0 (0) 1(0.6)

DWoWS= dengue without warning signs; DWWS = dengue with warning signs; SD = severe dengue; Cl = 95% confidence interval;
Ref = Reference; OR = Odds Ratio; p = p-value; SNP = Single nucleotide polymorphism; N = Number of observations; 2Logistic regression
model adjusted for age, gender and sequence of infection; *Exclusion of a single patient with GG genotype; °Exclusion of two patients
without information on the sequence of infection; “Exclusion of a single patient with GG/AG diplotype; °Exclusion of two patients without
information on the sequence of infection; ‘Exclusion of two patients without information on the sequence of infection.

In our multivariate regression genotype models, adjusted
for age, gender and sequence of infection, we found no
association between severe forms of dengue (DWWS/SD)
and genotypes of SNPs A256G and A325G (Table 2).

In Table 2, we display the frequency distribution of
DWoWS and DWWS/SD among patients with each diplotype
(AA/AA, AA/AG, AA/GG, AG/AG, AG/GG, GG/GG),
showing that the highest proportion of DWWS/SD
(43.5%) occurred among patients with the ancestral
diplotype (AA/AA), followed by those who were AA/AG
(37%) and AA/GG (11%). In the diplotype model, we

Rev Inst Med Trop Sao Paulo. 2023;65:¢43

found that the AA/AG patients had 40% less DWWS/SD,
in comparison with the AA/AA patients. The OR and
statistical significance remained similar after adjustment
for age, gender and sequence of infection: OR 0.61; 95%
CI =0.36-1.06, p = 0.082 (Table 2).

Table 3 displays multivariate regression diplotype
models stratified by sequence of infection, showing that
the association between DWWS/SD and the genotype
AA/AG remained only among patients with secondary
dengue: OR =0.51; 95% CI = 0.24-1.10; p = 0.085.

Page 3 of 5



Bresani-Salvi et al.

Table 3 - Association between DWWS/SD and the diplotypes of single nucleotide polymorphisms A256G/A325G (rs2069716/
rs2069727), in each stratum of patients with primary and secondary dengue.

Primary dengue

Secondary dengue

Diplotypes ) Al All

n2s6G/ _pa“ems primary  DWoWS DWWS/SD |, . secondary DWoWS DWWS/SD . .

nsesa  N=271 dengue (N=50) (N=70) ~dustedORE)* p dengue  (N=68) (N=gg ~dustedOR(C p
(N =120) (N =151)

AA/AA 105(38.7) 50 (417) 19(38) 31 (44.3) Ref. 55(36.4) 20 (29.4) 35 (42.2) Ref.

AA/AG 113 (41.7) 52(43.3) 24(48) 28(40)  0.70(0.30;1.58) 0.380 61 (40.4) 32 (47) 29(34.9) 0.51(0.24;1.10) 0.085

AA/GG 30 (11.1) 11 (9.2) 4 (8) 7 (10) 1.08 (0.27;4.39)  0.911 19 (12.6) 9(13.2) 10(12.1) 0.62(0.21;1.78) 0.374

AG/AG 16 (5.9) 6 (5) 2 (4) 4 (5.7) 1.06 (0.17;6.81) 0.949  10(6.6) 5 (74) 5 (6) 0.61(0.15;2.46)  0.490

AG/GG  6(22) 1(0.8) 1(2) 0(0) 5 (3.3) 2(2.9) 3(36)  0.84(0.13;5.46) 0.851

GG/AG  1(0.4) 0(0) 0(0) 0(0) 1(0.7) 0(0) 1(1.2)

Ne Observations 119° 150°

DWoWS= dengue without warning signs; DWWS = dengue with warning signs; SD: severe dengue; Cl = 95% confidence interval; Ref = Reference; OR = Odds
ratio; p = p value; N = Number of observations; 2Logistic regression model adjusted for age, gender and sequence of infection; "Exclusion of a single patient
with GG/AG diplotype; °Exclusion of two patients without information on sequence of infection.

DISCUSSION

Our analysis on the IFNG gene from patients with
secondary dengue by DENV3 found that the diplotype
AA/AG, was associated with a 40% lower chance of
DWWS/SD, compared to patients with ancestral diplotype
(AA/AA). The overall adjusted OR had a middle statistical
significance (0.05 < p < 0.10), and remained similar in the
sub-sample with only secondary dengue cases, indicating
that our estimates were robust to suggest the IFN-y as an
important cytokine in the immune response against a second
DENY infection.

Comparison of our results with previous publications
is limited. According to the databases of Ensembl'®'® and
NCBI'*'5, there are no other studies investigating the SNPs
A256G and A325G of IFNG gene in dengue fever, nor in
other arboviruses. However, it is known that these SNPs may
be related to IFNG upregulation, and together they may play
an important role in the immune response against DENV.
Perez et al.'® had examined the SNP A+874T at IFNG and
found no association between its genotypes and dengue
hemorrhagic fever in secondary dengue. Santos ef al.'”
also found no association of the SNP A+874T with dengue
hemorrhagic fever, without adjustment for sequence of
infection. Different from our study, these previous studies
did not account for important confounders that may be
implicated in a poor prognosis of dengue, such as DENV
serotypes and ADE response to a secondary infection®. In
fact, in studies on genetic factors of dengue, the comparison
groups must be equally infected, having similar distributions
of serotypes and primary/secondary dengue; otherwise
results cannot be attributed to intrinsic genetic factors.

To address these confounders, we evaluated only
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patients with a confirmed DENV3 infection and included
the sequence of infection (primary/secondary) in the
multivariate regression models. We observed that a
multivariate model, adjusted for age and gender, but not
for sequence of infection, would yield a more significant
association between the AA/AG diplotype and DWWS/SD
(p = 0.056) than our final model adjusted for age, gender
and sequence of infection (p = 0.082). Then, our stratified
analysis showed that only patients with secondary dengue
had the estimated association. These analyses indicate
previous dengue infections as a critical confounder.

IFN-y is produced indirectly by activated natural killer
cells and lymphocytes in response to pro-inflammatory
cytokines, such as IL-12 and IL-18, and seems to trigger
a synergistic response against DENV™®, Once produced,
IFN-y binds to specific receptors in neighbor cells, to
stimulate transcription of genes involved in inflammatory
regulation and production of chemokines and cytokines'.
Increased levels of IFN-y have been associated with dengue
fever and SD?. Collectively, these data support the idea
that IFN-y may be a central key for both antibody and T
cell responses to DENV infection, but how the IFNG might
drive these responses remains an elusive question.

IFN-y dosages and T cell experiments would be needed
to fully interpret our results, but we had not performed
such functional tests. Therefore, we can only speculate that
the IFNG A325G variant works as a protection element
when combined with the A256G ancestral genotype, in
patients with DENV3 who were previously infected with
another serotype. Our results agree with the hypothesis
that the IFNG gene might modulate the immune response
against severe forms of DENV infection, and indicate that
examining single key genes can help to understand the

Rev Inst Med Trop Sao Paulo. 2023;65:e43
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immunopathogenesis of flaviviruses. We suggest that IFN-y
should be better investigated in the pathogenic balance
between a harmful versus protective response to secondary
DENV infections.
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