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A B S T R A C T

Background: Influenza is an acute and highly contagious viral respiratory infection that causes significant
morbidity and mortality. The identification of host genetic factors associated with susceptibility and severity of
influenza virus infection is of paramount importance. Previous studies evaluating the potential involvement of
the CCR5Δ32 polymorphism (rs333), a 32 base pair deletion in CeC motif chemokine receptor 5 (CCR5) gene, in
severity and mortality of influenza A(H1N1)pdm09 infected individuals have been reported, but their results are
quite conflicting.
Objectives: The aim of this study was the evaluation of the CCR5Δ32 frequency in individuals with mild, severe
and fatal influenza A(H1N1)pdm09 infection and its putative association with clinical and epidemiologic data.
Patients/Methods: A total of 432 individuals were included in this study and classified according to their clinical
status, into the following groups: influenza like illness (ILI) (n=153); severe acute respiratory infection (SARI)
(n=173) and fatal (n=106) cases. The samples were collected in the post pandemic period, from 2012 to
2018. Individuals were further stratified according to their clinical and epidemiological data. The CCR5Δ32
variant was genotyped by PCR amplification and a subset of samples was further submitted to Sanger sequen-
cing.
Results: The different clinical groups (ILI, SARI and fatal) presented similar distribution of wt/wt and wt/Δ32
genotypes and CCR5Δ32 allele frequencies. Genotype Δ32/Δ32 was not detected in our study. Additionally, no
association between wt/wt and wt/Δ32 genotypes and dyspnea, a clinical factor for influenza complications was
found. Similarly, no significant differences in the distribution of wt/wt and wt/Δ32 genotypes and CCR5Δ32
variant allele frequencies were observed in samples from the different Brazilian geographical regions.
Conclusions: The CCR5Δ32 variant does not influence the susceptibility to influenza A(H1N1)pdm09 severe
disease or mortality in individuals from Brazil.

1. Introduction

Influenza is an acute and contagious viral respiratory infection that
affects 5–10% of adults and 20–30% of children (World Health
Organization, 2012), reaching 290,000–650,000 deaths annually
worldwide (Iuliano et al., 2018). Risk groups for severe disease include
pregnant women, children<5 years, the elderly and individuals with
underlying health conditions (World Health Organization, 2012). In-
fluenza viruses are classified into four types (A, B, C and D). Currently,

only influenza A(H1N1)pdm09 and A(H3N2) subtypes, as well as in-
fluenza B lineages (Victoria and Yamagata), are endemic in the human
population (World Health Organization, 2017). It should be noted that
influenza A(H1N1)pdm09 infection is more related to infections in
children and adults< 65 years adults (Barr and Cheng, 2018; Van
Kerkhove et al., 2013), when compared to influenza A(H3N2) (Barr and
Cheng, 2018).

Human inter-individuality in influenza infection outcome is re-
sultant of host and viral genetic components. Viral genetic determinants

https://doi.org/10.1016/j.meegid.2018.10.024
Received 23 July 2018; Received in revised form 12 October 2018; Accepted 29 October 2018

⁎ Corresponding author at: Laboratório de Vírus Respiratórios e do Sarampo, WHO/NIC - Instituto Oswaldo Cruz/Fiocruz. Av. Brasil, 4365 – Manguinhos Pav. HPP
– B105, 21040-360 Rio de Janeiro, RJ, Brazil

E-mail address: aline.matos@ioc.fiocruz.br (A.R. Matos).

Infection, Genetics and Evolution 67 (2019) 55–59

Available online 31 October 2018
1567-1348/ © 2018 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/15671348
https://www.elsevier.com/locate/meegid
https://doi.org/10.1016/j.meegid.2018.10.024
https://doi.org/10.1016/j.meegid.2018.10.024
mailto:aline.matos@ioc.fiocruz.br
https://doi.org/10.1016/j.meegid.2018.10.024
http://crossmark.crossref.org/dialog/?doi=10.1016/j.meegid.2018.10.024&domain=pdf


of virulence and host immune response have been widely considered,
while host determinants remain poorly understood (Ciancanelli et al.,
2016; Horby et al., 2012).

The CeC motif chemokine receptor 5 (CCR5) is a member of the
chemokine receptor subclass of the G-Protein-Coupled receptor super-
family protein (Oppermann, 2004). CCR5 is a functional receptor for
several inflammatory CC-chemokines expressed in lymphoid organs
such as the thymus and spleen, as well as in peripheral blood leuko-
cytes, including macrophages, NK and T cells (Lee et al., 2009). A 32 bp
deletion in the CeC motif chemokine receptor 5 (CCR5) gene
(CCR5Δ32) at its third exon results in a truncated protein, not bearing
the third intracellular loop and carboxy-terminal cytoplasmic domains,
involved in G-protein coupling (Zhao et al., 1998). This deletion leads
to decreased expression and dysfunction of CCR5 (Liu et al., 1996;
Samson et al., 1996). CCR5Δ32 is not associated with any specific
phenotype during homeostasis, although it has been associated with
susceptibility to some infectious and inflammatory diseases, specially
HIV infection, in which individuals caring the CCR5Δ32 allele are more
resistant to infection (Baltus et al., 2016; de Souza et al., 2015; Liu
et al., 1996; Pokorny et al., 2005; Samson et al., 1996; Scheibel et al.,
2008; Telini et al., 2014). In contrast, CCR5Δ32 is related to suscept-
ibility to West Nile virus (WNV) (Lim et al., 2008) and tickborne en-
cephalitis virus (TBEV) (Kindberg et al., 2008) infection.

Studies on CCR5Δ32 and severity of influenza A(H1N1)pdm09 in-
fection have been conflicting and inconclusive. Some studies in specific
cohorts have implied the putative relationship of CCR5Δ32 allele and
susceptibility for severe influenza cases (Falcon et al., 2015; Keynan
et al., 2010; Rodriguez et al., 2013), while others have failed to detect
any association (Maestri et al., 2015a; Sironi et al., 2014). In the present
study, we evaluated the CCR5Δ32 polymorphism (rs333) in 432 in-
dividuals with mild, severe and fatal influenza A(H1N1)pdm09 infec-
tion and its putative association with clinical, epidemiological and
geographical data.

2. Materials and methods

2.1. Samples and data collection

In Brazil, the Influenza Surveillance System (ISS) is present in all
Brazilian States and there are 3 National Influenza Centers (NIC).
Fiocruz NIC receives a subset of samples from 9 out of the 27 States. In
the 2012–2018 period, approximately 25,000 influenza A(H1N1)
pdm09 cases were detected in the Brazilian ISS. From them, 1804 were
received at Fiocruz NIC. This study inclusion criteria was availability of
an accurate patient record for the classification of influenza disease into
influenza-like illness (ILI) and severe acute respiratory infection (SARI).
Thus, 432 cases were included. The clinical samples are nasopharyngeal
swabs or aspirates and post mortem specimens. ILI cases were defined as
presenting fever and cough or sore throat and one of the following
symptoms: headache, myalgia or arthralgia. In children< 2 years, ILI
cases were defined as presenting fever and cough, coryza and nasal
obstruction. SARI cases were defined as requiring hospitalization and
presenting dyspnea or one of the following signs: peripheral capillary
oxygen saturation < 95%, respiratory distress or acute respiratory in-
sufficiency. Samples were aliquoted and frozen at −80 °C before
testing. This study was approved by the Fiocruz-IOC Ethics Committee
under the number 68118417.6.0000.5248.

2.2. Influenza diagnosis

Viral RNA was extracted using commercial kit (QIAmp Viral RNA
Mini kit, Qiagen, Germany), according to the manufacturer's instruc-
tions. For influenza detection and subtyping, RNA was tested in a one-
step real time RT-PCR assay with primers and probes specific for in-
fluenza (CDC, USA), according to provider's instructions.

2.3. Genotyping

DNA was extracted from clinical samples using the PureLink™
Genomic DNA Mini Kit (Invitrogen, USA) according to manufacturer's
instructions. The CCR5Δ32 variant (rs333 locus) was amplified by PCR
using the following primers: F – 5’ CTCCCAGGAATCATCTTTACCA 3′
and R – 5’ TTTTAGGATTCCCGAGTAGCA 3′ (Maestri et al., 2015a).
Products were visualized in 3% agarose gels stained with SYBR Safe 1×
(Thermo Fisher Scientific, USA) under a Gel Doc™ EZ Gel Documenta-
tion System (Bio-Rad, USA). The electrophoresis genotype patterns
consisted of (i) a single 178 bp product (wt/wt), or (ii) a double 178 and
146 bp product (wt/Δ32). The unique 146 bp product pattern (Δ32/
Δ32) was not detected in our samples. In addition, we performed
Sanger sequencing in a subset of samples (n=273) to confirm CCR5
classification. Noteworthy, the electrophoresis and Sanger sequencing
genotype patterns were totally concordant.

2.4. Genetic and statistical analysis

Genotype strata were classified as Δ32 allele non-carriers (wt/wt)
and Δ32 allele carriers (wt/Δ32). The Hardy-Weinberg equilibrium
(HWE), allele frequency and genotype distribution were assessed by
using the web program (http://www.oege.org/software/hwe-mr-calc.
shtml) (Rodriguez et al., 2009), and deviation from HWE was assessed
by Chi-square test. Further statistical analyses were performed using
SPSS for Windows, version 19.0 software (IBM Inc., USA). Contingence
table statistics (Chi-square or Fisher's exact test for dichotomous vari-
ables and Krustall-Wallis test for median) were employed to explore
either eventual differences in demographic features, signs and symp-
toms, as putative associations between CCR5Δ32 genotype and influ-
enza clinical outcomes (ILI, SARI and fatal cases). Results were con-
sidered statistically significant when p < .05.

3. Results

A total of 432 influenza A(H1N1)pdm09 positive patients were in-
cluded in this study, whose samples were collected in the post pan-
demic period, from 2012 to 2018. Of note, influenza A(H1N1)pdm09
was the most prevalent virus during Brazilian 2012, 2013, 2016 and
2018 seasons, and had an overall prevalence of> 50% from 2012 to
2018 (data from Brazilian ISS, available at http://portalms.saude.gov.
br/saude-de-a-z/gripe/situacao-epidemiologica-dados).
Demographical, clinical and epidemiological characteristics are sum-
marized in Table 1. The majority of samples accounted for patients from
Southern and Southeastern regions of Brazil (48.1% and 31.5%, re-
spectively). The remaining 20.4% of samples were from the North-
eastern region (Table 1). From the 432 patients, 50.7% were male and
the median age was 41 years. ILI cases were significantly younger than
SARI and fatal subjects (Table 1) (p < .001). Moreover, the presence of
any comorbidity was significantly higher among those who reported
SARI or fatal cases, when compared to ILI patients (Table 1). Among
SARI and fatal cases, 57.2% (99/173) and 27.4% (29/106) reported
respiratory distress, and 37.0% (64/173) and 22.6% (24/106) reported
oxygen saturation < 95%, respectively. However, this information was
not systematically collected among influenza patients during the stu-
died period.

In our population, CCR5Δ32 allele frequencies were in compliance
with HWE, even after stratification into clinical groups ILI, SARI and
fatal (p > .05). Putative association between CCR5Δ32 genotype and
clinical and epidemiological data are shown in Tables 2 and 3. Analysis
of wt/wt and wt/Δ32 genotypes and CCR5Δ32 alleles frequency in
clinical groups revealed no significant difference (p= .31 and p= .33,
respectively) (Table 2). Moreover, CCR5Δ32 genotypes (wt/wt and wt/
Δ32) were not associated with dyspnea, a clinical sign of influenza
severity (Table 3).

Furthermore, as previous analysis reported that population from the
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Brazilian South and Southeastern regions presented a higher CCR5Δ32
allele frequency than those found in the North and Northeastern regions
(Silva-Carvalho et al., 2016), the respective distribution was explored in
our study population. Similar CCR5Δ32 allele frequencies were found in
the assessed Brazilian geographical regions: 6.0% in South, 4.0% in the
Southeast and 3.0% in the Northeast (p= .25) (Table 3).

4. Discussion

The role of CCR5Δ32 allele in infectious diseases has been in-
vestigated since its association with protection to HIV infection (Liu

et al., 1996; Samson et al., 1996). During this infection, CCR5 functions
as a co-receptor for the virus entry in macrophages and CCR5Δ32
homozygotes are clearly less susceptible to this infection (Dean et al.,
1996; Ruiz-Mateos et al., 2018). Therefore, many studies have been
conducted to examine CCR5Δ32 relationship with infection diseases. In
WNV and TBEV flaviviruses infections, CCR5 responses are related to
leukocytes trafficking to the brain and viral clearance (Glass et al.,
2006), and CCR5Δ32 homozygotes are more susceptible to their in-
fection and/or severity (Glass et al., 2006; Kindberg et al., 2008;
Mickienė et al., 2014). For hepatitis infections, in which CCR5 signaling
is important for the immune response against this virus (Ahlenstiel
et al., 2004; Coenen and Nattermann, 2010), CCR5Δ32 has no influence
in hepatitis viruses infection susceptibility (Ellwanger et al., 2018; Glas
et al., 2003; Khorramdelazad et al., 2013; Ruiz-Ferrer et al., 2004). In
influenza infections, the functional role of CCR5 in human immune and
inflammatory responses has been related to NK cells recruitment to lung
airways and epithelium (Carlin et al., 2018), as well as localization of
memory CD8 T cells to the epithelium (Kohlmeier et al., 2008). Also,
studies with influenza A infected Ccr5−/− mice showed higher ac-
cumulation of macrophages in the lungs and increased mortality
(Dawson et al., 2000). Previous reports on CCR5Δ32 and influenza
A(H1N1)pdm09 infection severity have been conflicting so far.

In the present study, we report the CCR5Δ32 allele frequency in
Brazilian individuals infected with influenza A(H1N1)pdm09 viruses,
from 2012 to 2018. Individuals are from nine Brazilian States, which
have a population of approximately 90 million people. The majority of
the samples were collected from Southern and Southeastern Brazilian
regions, which report most of Brazilian influenza A(H1N1)pdm09 cases
(Brazilian MoH, 2017). Also, we observed a relationship between age
and severity of disease, as SARI and fatal cases presented higher median
ages. This finding is consistent with the literature in showing that el-
derly people usually have more influenza complications, hospitalization
or death, because they have more comorbidities and are more prone to
have secondary bacterial infections (Brazilian MoH, 2017; New South
Wales, 2017).

In this report, CCR5Δ32 allele was not associated with disease
clinical strata (ILI, SARI and fatal) or signs of disease severity, as in a
previous study involving Brazilian influenza A(H1N1)pdm09 infected
subjects, in which no relationship between CCR5Δ32 and hospitaliza-
tion was reported (Maestri et al., 2015a). Importantly, this previous
Brazilian study was performed in samples collected in the pandemic
period, from Brazil's North and Northeast geographical regions,
whereas we investigated samples from the post pandemic period and
mostly from Southern and Southeastern regions. Despite differences in
analyses and stratification criteria, both studies found complementary
outcomes. Also in line with our findings, no relationship between
CCR5Δ32 and disease severity was reported in patients infected during
the pandemic period in the Southern Europe, mainly Italians (Sironi
et al., 2014). As the frequency of CCR5Δ32 heterozygotes in severe and
fatal influenza cases was similar to heterozygotes frequency in mild
cases, these data suggest that an intermediate amount of CCR5, as only
one gene copy is disrupted, could be sufficient for response mechanisms
in influenza infection.

As opposed to our findings, analysis from a small cohort of Canadian
patients with severe influenza A(H1N1)pdm09 infection showed higher
frequency of CCR5Δ32 heterozygotes (55.5%), when compared to
Caucasian overall population (10–15%) (Keynan et al., 2010). Besides,
a report detected CCR5Δ32 homozygosity in a Spanish fatal influenza
A(H1N1)pdm09 case (Rodriguez et al., 2013). Also, a study with
Spanish influenza A(H1N1)pdm09 infected patients showed CCR5Δ32
association with mortality (Falcon et al., 2015). Noteworthy, these
studies are limited by adopting different criteria for disease severity
definition and, except for the former, by sample size.CCR5Δ32 allelic
overall frequency in our cohort (5.0%) is in accordance with a sys-
tematic review and meta-analysis with samples throughout the country,
which showed an allelic frequency of 4.0% in Brazil (Silva-Carvalho

Table 1
Demographical, clinical and epidemiological characteristics of influenza
A(H1N1)pdm09 patients according to clinical severity.

Characteristics Total ILI SARI Fatal

Number of samples 432 153 173 106
Demographic features
Gender (male, n%) 219 (50.7) 83 (54.2) 77 (44.5) 59 (55.7)
Age (years)
Median 41 31* 46 47
IQR 32 31 31 26

Geographic region
South 208 (48.1) 89 (58.2) 53 (29.0) 66 (62.3)
Southeast 136 (31.5) 26 (17.0) 84 (48.5) 26 (24.5)
Northeast 88 (20.4) 38 (24.8) 36 (20.8) 14 (13.2)

Signs and symptoms
Cough 325/340

(95.6)
102/107
(95.3)

171/173
(98.8)

52/60
(86.79)

Sore Throat 125/262
(47.7)

60/98 (61.2) 55/129
(42.6)

10/35 (28.6)

Coryza 35/209
(16.7)

27/85 (31.8) 5/93 (5.4) 3/31 (9.7)

Dyspnea 206/309
(66.7)

NA 147/167
(88.0)

59/62 (95.2)

Comorbidities 114/221
(51.6)

14/56
(25.0)*

78/127
(61.4)

22/38 (57.9)

ILI – influenza like illness; SARI – severe acute respiratory infection;
n= number of cases with the presented characteristic; N=number of cases
with the available information; NA – non-applicable. Statistical significance was
considered when P-value< .05 and was assessed by Chi-square test for di-
chotomous variables Krustall-Wallis test for median. *p < .001.

Table 2
CCR5Δ32 genotype distribution and allele frequency in influenza A(H1N1)
pdm09 patients analyzed in the study, and according to their classification
based on the clinical status of disease.

Genotype ILI SARI Fatal p-value

wt/wt 141 152 98 0.31
wt/Δ32 12 21 8
Δ32/Δ32 0 0 0
Δ32 allele frequency 0.04 0.06 0.04 0.33

ILI – influenza like illness; SARI – severe acute respiratory infection.

Table 3
CCR5Δ32 genotype distribution, according to presence of dyspnea and Brazilian
geographical regions.

Variable wt/wt wt/Δ32 p-value Δ32 allele
frequency

Dispnea – n/N (%) 185/278
(66.5%)

21/31
(67.7%)

0.89 –

Geographic region
South 184 (88.5%) 24 (11.5%) 0.25 0.06
Southeast 124 (91.2%) 12 (8.8%) 0.04
Northeast 83 (94.3%) 5 (5.7%) 0.03

n= number of cases with the presented characteristic; N=number of cases
with the available information.
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et al., 2016). However, differently from the slightly higher CCR5Δ32
allelic frequency reported by them in South and Southeast, when
compared to North and Northeast, no regional patterns could be per-
ceived in our samples. CCR5Δ32 distribution can depend on the region
and genetic ancestry. Higher allele frequencies have been detected in
European (Hütter et al., 2015; Martinson et al., 1997; Su et al., 2000)
than in African and Asian countries (Rahimi et al., 2014; Salem et al.,
2009; Su et al., 2000). In the past, Brazilian South and Southeast re-
gions sheltered immigrants mainly from Europe. In contrast, in Brazil's
Northeast, especially in Bahia state, Africa played a stronger influence
in genetic population patterns (Alves-Silva et al., 2000; Kehdy et al.,
2015). However more recent migratory patterns, in which Northern and
Northeastern populations migrated towards South and Southeast re-
gions (Alves-Silva et al., 2000), may have contributed to the dilution of
CCR5Δ32 allele frequency among Brazilian populations.

In conclusion, in our study with Brazilian individuals, CCR5Δ32
allele did not influence the susceptibility to influenza severe disease or
mortality. Also, our work presents the largest number of studied in-
fluenza A(H1N1)pdm09 cases and CCR5Δ32 status and represents a
country, Brazil, with a lot of genetic ancestry miscegenation.
Nevertheless, comprehensive multicentric studies, including larger
sample size, are necessary to fully address this issue. As prioritized by
the WHO (World Health Organization (WHO), 2017), the identification
of host genetic factors on influenza infection is of great importance for a
better understanding of the biological host predispositions and the
mechanisms associated with the development of severe influenza. Some
interesting candidates have been identified in studies performed with
Brazilian population, such as polymorphisms in phosphatidyl inositol 3
Kinase-gamma (PI3Kγ) (Garcia et al., 2018) and ST3 beta-galactosidase
alpha–2,3-sialyltransferase 1 (ST3GAL1) genes (Maestri et al., 2015b).
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