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Abstract

BST-2/Tetherin is a restriction factor that prevents Human immunodeficiency virus type 1 (HIV-1) 

release from infected cells and mediates pro-inflammatory cytokine production. This study 

investigated the risk conferred by single nucleotide polymorphisms (SNPs; rs919266, rs9192677 

and rs9576) at BST-2 coding gene (BST2) in HIV-1 mother-to-child transmission and in disease 

progression. Initially, 101 HIV-1+ pregnant women and 331 neonates exposed to HIV-1 from 

Zambia were enrolled. Additional BST2 SNPs analyses were performed in two cohorts with 

acquired immunodeficiency syndrome (AIDS) progression: an adult Brazilian cohort (37 rapid, 30 

chronic and 21 long-term non-progressors) and an Italian pediatric cohort (21 rapid and 67 slow 

progressors). The rs9576A allele was nominally associated with protection during breastfeeding 

(p=0.019), and individuals carrying rs919266GA showed slower progression to AIDS (p=0.033). 

Despite the influence of rs919266 and rs9576 in BST2 expression is still undetermined, a 

preventive role by BST2 polymorphisms was found during HIV-1 infection.
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Introduction

Rate of mother-to-child transmission (MTCT) of Human immunodeficiency virus type 1 

(HIV-1) ranges from 5-10% during pregnancy, 20-30% during delivery and 10-20% via 

breastfeeding in the absence of treatment, while it is reduced to less than 2% with 

antiretroviral therapy during gestation[1]. Since the majority of newborns from infected 

mothers do not become infected, several host factors have been investigated by clinical 

follow-up of untreated pregnant women, mainly in countries with limited antiretroviral 

regimen coverage. Despite obstetric, nutritional, socio-demographic and viral factors are 

involved in natural prevention to MTCT[2], innate immunity have been recently highlighted 

as a modulator of early antiviral response at the fetal-maternal interface[3]. “Bone marrow 

stromal cell antigen-2” (BST-2/Tetherin) transmembrane protein prevents HIV-1 particles 

release by virion retention at membranes of infected cells [4]. HIV-1 tethering leads to 

BST-2 cytoplasmic tail phosphorylation, which triggers proinflammatory cytokines 

production mediated by NF-κB signalling[5], and may also facilitate HIV-1 endocytosis 

followed by type I interferon (IFN) expression[6]. Although BST-2 constitutive expression 

was found at various immune cells (macrophages, monocytes, plasmacytoid dendritic cells 

(pDCs), B and T-lymphocytes)[5,7,8], tissues (liver, lung, cord blood and decidua)[9–11] 

and secretions (colostrum and semen)[11,12], the influence of BST-2 in early HIV-1 

prevention and pathogenesis is still underestimated.

Recent studies investigated the role of BST-2 genetic background in differential response to 

HIV-1 infection. An insertion/deletion polymorphism at the promoter region (rs3217318) 

and a single nucleotide polymorphism (SNP, rs10415893) of BST2 gene (located at 

19p13.1) were associated with lower transcriptional levels of BST2 and faster disease 

progression in a Spanish cohort[13], while rs113189798 SNP was described as a risk factor 

to HIV-1 acquisition in North American seroprevalent drug users[14].

Thus, this study evaluated the role of BST2 SNPs in susceptibility to MTCT of HIV-1 in a 

cohort of 331 infants and 101 infected mothers. Additional analyses were performed in 88 

pediatric patients and 88 adults to investigate the influence of BST2 SNPs in HIV-1-

associated disease progression.

Materials and methods

Study group

A cohort of 101 pregnant women living with HIV-1 and 331 infants with confirmed HIV-1 

transmission status were selected from a randomized clinical trial “Zambia Exclusive 

Breastfeeding Study”(ZEBS) in two primary health clinics (George Clinic and Chawama 

Clinic) from Lusaka (Zambia)(ClinicalTrials.gov Identifier: NCT00310726)[15]. ZEBS 

evaluated the benefits of short duration exclusive breastfeeding in prevention of MTCT and 

infant mortality in low resource settings among women that received a single-dose 

nevirapine regimen. Among 331 infants, 22 were infected via intrauterine transmission 

(positive HIV-1 Polymerase Chain Reaction (PCR) within two days of birth), 25 were 

infected during delivery (positive HIV-1 PCR within 42 days of birth), 38 were infected 
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during breastfeeding (positive HIV-1 PCR after 42 days of birth) and 246 infants did not 

become infected (Supplementary Digital Content 1 and Supplement Table 1).

A retrospective cohort of 88 adults with clinical progression to AIDS (37 rapid progressors 

30 chronic progressors and 21 long-term non-progressors) was established after review of 

approximately 3300 patient charts from Infectious Diseases Service at Conceição Hospital 

Group in Porto Alegre (Brazil). The clinical endpoint (AIDS) was determined with highly 

active antiretroviral therapy start or CD4+ cells count below 350 cells/mm3. All participants 

signed an informed consent, answered a standard socio-demographic questionnaire and 

provided peripheral blood sample. The ethical committee of Conceição Hospital Group 

approved the study (N. 01-213)(Supplementary Digital Content 2).

A retrospective cohort of 88 infected children with HIV-1-related disease progression from 

Pediatric Division of IRCCS Burlo Garofolo in Trieste (Italy) was classified according to 

1994 CDC AIDS surveillance case definition[16]: 21 rapid progressors (developed severe 

clinical manifestations within the first two years of infection, defined as “Category C”) and 

67 slow progressors (neither progressed to Category C nor developed severe 

immunosupression beyond eight years of age). Children with clinical symptoms (Categories 

A, B or C) or immune suppression (categories 2 or 3)[17] started highly active antiretroviral 

therapy (triple combination of stavudine or zidovudine, lamivudine and ritonavir or 

nelfinavir or indinavir). The ethical committee of IRCCS Burlo Garofolo approved the study 

(Prot. L1106).

Sample processing and BST2 genotyping

DNA extraction from dried blood spot samples of ZEBS cohort was performed using “DNA 

Extract All Reagents” kit (Life Technologies, Carlsbad, California, U.S.A). Genomic DNA 

was extracted from peripheral blood samples in Italian and Brazilian cohorts by conventional 

salting-out procedures[18].

Only 14 out of 37 SNPs (rs112492472, rs12609479, rs73921425, rs28413174, rs28413175, 

rs28413176, rs11542666, rs34737311, rs113321277, rs2278234, rs919265, rs919266, 

rs919267 and rs9576) found in public databases (UCSC Genome Browser, NCBI and 1000 

Genomes)[19] were selected due to a minor allele frequency (MAF) greater than 5% in Sub-

saharan African populations (YRI, LWK, ESN and GWD). Specific regions in BST-2 coding 

gene were amplified by PCR using KAPA2G Readymix (RESNOVA, Genzano di Roma, 

Rome, Italy) with a 2720 Thermal Cycler (Life Technologies) and then directly sequenced 

using ABI PRISM 3130XL sequencer (Life Technologies). The primers used for PCR and 

sequencing were: BST2EXON1F 5’-CTGCCTCTTCAGGTCATAG-3’; BST2EXON1R 5’-

GAACCTAGGTCCCTTGATG-3’; BST2EXON2/3F 5’-GAGGACCCACATGCTTATG-3’; 

BST2EXON4F 5’-GGATAACTTAGCCCCTAGG-3’; BST2EXON2/3R 5’-

CAGCAGCACAATCAGCAGC-3’; BST2EXON4R 5’-CCATAACAACAGGCAGCAC-3’.

The BST2 gene sequencing was performed in 331 samples from the Zambian cohort, and 

since only rs9576, rs919266 and rs919267 SNPs showed a MAF greater than 5%, these 

SNPs were replicated in Brazilian and Italian cohorts with TaqMan® SNP Genotyping 

Assays (C_11454228_10, C_7493933_10 and C_2931310_10, respectively) and TaqMan® 
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GTXpress™ Master Mix (Life Technologies) on ABI7500 Real Time PCR (Life 

Technologies).

Data analysis

Fisher exact and Mann-Whitney tests were performed respectively in univariate analysis of 

categorical and quantitative variables with R Software 3.1.0. Bonferroni correction method 

for multiple tests (e.g.:p=0.05/No of analyzed SNPs) was performed for all analyzed SNPs. 

All clinical/demographic variables that reached a p-value lower than 0.10 in univariate 

analysis (Supplementary Digital Content 2) were included as covariates in logistic regression 

model analysis, using SNPstats[20]. Extensively described risk factors like HIV-1 viral load, 

CD4+ cell count and CCR5Δ32 were included in adjusted analysis. The haplotypes and 

linkage disequilibrium (LD) of BST2 SNPs were determined in Haploview v.4.2[21]. 

Kaplan-Meier survival analysis was performed in IBM SPSS Statistics v.20 to evaluate the 

influence of BST2 SNPs in time to adult AIDS progression.

Results

BST2 SNPs in a cohort of mother-to-child transmission of HIV-1

Maternal CD4+ cell counts (p<0.0001) and plasma viral load (p<0.0001) were higher in all 

groups of HIV-1 infected infants(intrauterine (IU), intrapartum(IP) and postpartum(PP) 

transmission) than in exposed-uninfected infants(EU), while other features such as 

maternal(age, BMI and hemoglobin level) and neonate characteristics(sex and weight) were 

not associated with infection status (Supplement Table 1). Breast milk viral load was also 

higher in PP infants than EU infants (3.10 [2.81 - 3.24] vs 1.69 [1.46 - 1.88] log10 copies/ml, 

p<0.0001).

rs919266, rs919267 and rs9576 BST2 SNPs were investigated as candidate markers of 

natural protection during mother-to-child transmission of HIV-1(Table 1). SNPs frequencies 

in Zambian infants were all in Hardy-Weinberg equilibrium (HWE). The rs9576A allele was 

more frequent in EU than in PP (14.85% vs 5.26%, OR=0.32 [0.11 - 0.9]; p=0.019) although 

the difference between allelic frequencies did not reach statistical significance after 

Bonferroni correction (p>0.017). None of BST2 SNPs were associated with either IU or IP 

transmission (p>0.017). The minor allele rs919266A was not found only in the PP infected 

group, even with a larger sample size than other infected groups. Thus, it was not possible to 

test the association of rs919266 in transmission of HIV-1 during breastfeeding.

rs919266, rs919267 and rs9576 SNPs were also tested as risk factors to HIV-1 vertical 

transmission regardless of route of transmission, although none of the BST2 alleles, 

genotypes or haplotypes were associated as risk factors (p>0.017, Supplement Table 2). All 

SNPs but rs919266 in 101 HIV-1 infected mothers were in HWE. HIV-1 infected mothers 

with rs919266A allele also presented a lower CD4+ cell count during delivery than 

rs919266G (200.33 ± 43.88 cells/mm3 (n = 9) vs 339.56 ± 21.64 cells/mm3(n = 92), 

p=0.008; data not shown), while rs919267 and rs9576SNPs did not influence CD4 cells 

count and plasma viral load.
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BST2 SNPs in adult and pediatric AIDS progression

The difference found in CD4+ cell count between rs919266 variants in HIV-1 infected 

mothers could indicate a putative role of BST2 SNPs in the maintenance of CD4+ cells 

during HIV-1 infection. Since the ZEBS consortium did not cover maternal disease 

progression, our group investigated BST2 SNPs as disease risk factors in pediatric and adult 

cohorts with clinical progression follow-up from two different populations (Trieste (Italy) 

and Porto Alegre (Brazil) respectively).

The genotype distribution of rs919266, rs919267 and rs9576 were in HWE within the 

pediatric Italian cohort. The influence of rs919266 and rs9576 in disease progression has not 

been tested due to the absence of their minor alleles in rapid progressors group (Table 2). 

None of the BST2 alleles, genotypes or haplotypes were associated with pediatric disease 

progression (p>0.017).

All rs919266, rs919267 and rs9576 SNPs in the Brazilian cohort of AIDS progression were 

in HWE. The European-descendant Brazilians had lower frequencies of rs919266A (2.75% 

vs 7.46%) and rs9576A (3.70% vs 12.50%) than African-descendant individuals, and 

represented the major ethnic group in this study (56/92 (58.9%); Supplementary Digital 

Content 2).

rs919266A allele was more frequent in long-term non-progressors than the rapid progressors 

group (p=0.025, OR=0.17 [0.02 - 1.00])(Table 2), while rs919266GA carriers also showed a 

slower progression to AIDS than rs919266GG carriers (10.33 [7.17 - 13.49] vs. 6.56 [5.52 - 

7.60] years, log-rank test p=0.033), even without statistical significance after Bonferroni 

correction. rs919267 and rs9576 allele and genotype frequencies did not show statistical 

differences (Supplementary Digital Content 3).

A lower coefficient of linkage disequilibrium was observed in the Brazilian cohort 

(D’=0.95) compared to Zambian (D’=0.97) and Italian (D’=0.96) groups, with the 

occurrence of a novel rs919266G-rs919267C-rs9576A haplotype (Table 2).

Discussion

Tethering of HIV-1 particles and induction of pro-inflammatory cytokines were described as 

restriction mechanisms by BST-2 during HIV-1 infection[4], despite the strong counteraction 

by HIV-1 vpu protein that leads to intracellular BST-2 degradation and NF-κB 

downregulation[22,23]. The protective role of BST-2 was corroborated by recent findings in 

cohorts of HIV-1 seroprevalent drug users with BST2 variants that showed a higher BST2 
transcription and slower progression to AIDS by rs3217318 and rs10415893 in a Spanish 

cohort[13], and also in prevention to horizontal transmission by rs113189798 in a North 

American cohort [14].

The nominally significant association of rs9576 (located at BST2 3’UTR) with prevention of 

HIV-1 infection during breastfeeding may suggest a novel role of BST-2 in neonatal innate 

response, even without statistical significance after Bonferroni correction. Although the role 

of rs9576A allele in BST2 expression is still unknown, differential expression of BST-2 
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could lead to an enforcement of HIV-1 restriction by immune cells like macrophages[5] or 

altering type I IFN production by pDCs[24], since neonatal pDCs already have a lower 

capacity of IFN-α production than adult pDCs[25]. Despite maternal BST2 SNPs were not 

involved as a risk factor during breastfeeding, recent findings demonstrated that colostrum 

cells from HIV-1-infected mothers presented higher levels of BST-2 expression than healthy 

mothers but the influence in HIV-1 transmission rate is still unknown[11].

The BST2 intronic allele rs919266A was associated with a slower progression to AIDS and 

more frequent in Brazilian long-term non-progressors than in rapid progressors, although 

rs919266A was associated with lower CD4+ cell count during delivery but did not influence 

HIV-1 maternal transmission in Zambian cohort. The functional role of rs919266 has not 

been demonstrated yet, but the linkage disequilibrium with rs10415893 (D’=1.0; Spanish 

population/IBS from 1000 Genomes), a tag SNP associated with AIDS progression in a 

Spanish cohort[13], suggests a protective role by the tagged region during AIDS 

progression. Moreover, it has not been possible to determine the impact of rs919266 SNP on 

the risk to pediatric disease progression and breastfeeding transmission, since rs919266A 

allele was not found in rapid pediatric progressors and postpartum-infected infants from 

Zambia.

Our study supports a protective role by genetic variants of BST2 in adult AIDS progression 

and mother-to-child transmission. Despite the limited sample size and ethnic heterogeneity 

of the cohorts, our findings suggest that BST-2 activity in infants deserves further 

investigations as an early innate mechanism during breastfeeding and also corroborate 

previous findings indicating BST2 SNPs as protective factors during AIDS progression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Grant support: This work was supported by CAPES/CNPq (Casadinho 06/2011), IRCCS “Burlo Garofolo” 
(RC13/12) and National Institute of Health (HD57617).

References

1. Aldrovandi GM, Kuhn L. What infants and breasts can teach us about natural protection from HIV 
infection. J Infect Dis. 2010; 202(Suppl):S366–70. [PubMed: 20887226] 

2. Kourtis AP, Lee FK, Abrams EJ, Jamieson DJ, Bulterys M. Mother-to-child transmission of HIV-1: 
timing and implications for prevention. Lancet Infect Dis. 2006; 6:726–32. [PubMed: 17067921] 

3. Prendergast AJ, Klenerman P, Goulder PJR. The impact of differential antiviral immunity in 
children and adults. Nat Rev Immunol. 2012; 12:636–648. [PubMed: 22918466] 

4. Perez-Caballero D, Zang T, Ebrahimi A, McNatt MW, Gregory DA, Johnson MC, et al. Tetherin 
inhibits HIV-1 release by directly tethering virions to cells. Cell. 2009; 139:499–511. [PubMed: 
19879838] 

5. Giese S, Marsh M. Tetherin can restrict cell-free and cell-cell transmission of HIV from primary 
macrophages to T cells. PLoS Pathog. 2014; 10:e1004189. [PubMed: 24991932] 

6. Galão RP, Le Tortorec A, Pickering S, Kueck T, Neil SJD. Innate sensing of HIV-1 assembly by 
Tetherin induces NFκB-dependent proinflammatory responses. Cell Host Microbe. 2012; 12:633–
44. [PubMed: 23159053] 

Kamada et al. Page 6

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Loschko J, Schlitzer A, Dudziak D, Drexler I, Sandholzer N, Bourquin C, et al. Antigen delivery to 
plasmacytoid dendritic cells via BST2 induces protective T cell-mediated immunity. J Immunol. 
2011; 186:6718–25. [PubMed: 21555533] 

8. Ishikawa J, Kaisho T, Tomizawa H, Lee BO, Kobune Y, Inazawa J, et al. Molecular cloning and 
chromosomal mapping of a bone marrow stromal cell surface gene, BST2, that may be involved in 
pre-B-cell growth. Genomics. 1995; 26:527–34. [PubMed: 7607676] 

9. Pontén F, Schwenk JM, Asplund A, Edqvist P-HD. The Human Protein Atlas as a proteomic 
resource for biomarker discovery. J Intern Med. 2011; 270:428–46. [PubMed: 21752111] 

10. Erikson E, Adam T, Schmidt S, Lehmann-Koch J, Over B, Goffinet C, et al. In vivo expression 
profile of the antiviral restriction factor and tumor-targeting antigen CD317/BST-2/HM1.24/
tetherin in humans. Proc Natl Acad Sci U S A. 2011; 108:13688–93. [PubMed: 21808013] 

11. Pereira NZ, Cardoso EC, Oliveira LM da S, de Lima JF, Branco ACCC, Ruocco RM de SA, et al. 
Upregulation of innate antiviral restricting factor expression in the cord blood and decidual tissue 
of HIV-infected mothers. PLoS One. 2013; 8:e84917. [PubMed: 24367701] 

12. Madison MN, Roller RJ, Okeoma CM. Human semen contains exosomes with potent anti-HIV-1 
activity. Retrovirology. 2014; 11:102. [PubMed: 25407601] 

13. Laplana M, Caruz A, Pineda JA, Puig T, Fibla J. Association of BST-2 gene variants with HIV 
disease progression underscores the role of BST-2 in HIV type 1 infection. J Infect Dis. 2013; 
207:411–9. [PubMed: 23148293] 

14. Hancock DB, Gaddis NC, Levy JL, Bierut LJ, Kral AH, Johnson EO. Associations of common 
variants in the BST2 region with HIV-1 acquisition in African American and European American 
people who inject drugs. AIDS. 2015; 29:767–777. [PubMed: 25985399] 

15. Kuhn L, Aldrovandi GM, Sinkala M, Kankasa C, Semrau K, Kasonde P, et al. Differential effects 
of early weaning for HIV-free survival of children born to HIV-infected mothers by severity of 
maternal disease. PLoS One. 2009; 4:e6059. [PubMed: 19557167] 

16. CDC.. Revised classification system for human immunodeficiency virus infection in children less 
than 13 years of age. 1994. http://wonder.cdc.gov/wonder/PrevGuid/m0032890/m0032890.asp

17. Guidelines for the use of antiretroviral agents in pediatric HIV infection. Center for Disease 
Control and Prevention. MMWR Recomm Rep. 1998; 47:1–43.

18. Lahiri DK, Numberger JI. A rapid non-enzymatic method for the preparation of HMW DNA from 
blood for RFLP studies. Nucleic Acids Res. 1991; 19:5444–5444. [PubMed: 1681511] 

19. Abecasis GR, Auton A, Brooks LD, DePristo MA, Durbin RM, Handsaker RE, et al. An integrated 
map of genetic variation from 1,092 human genomes. Nature. 2012; 491:56–65. [PubMed: 
23128226] 

20. Solé X, Guinó E, Valls J, Iniesta R, Moreno V. SNPStats: a web tool for the analysis of association 
studies. Bioinformatics. 2006; 22:1928–9. [PubMed: 16720584] 

21. Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and visualization of LD and haplotype 
maps. Bioinformatics. 2005; 21:263–5. [PubMed: 15297300] 

22. Van Damme N, Goff D, Katsura C, Jorgenson RL, Mitchell R, Johnson MC, et al. The interferon-
induced protein BST-2 restricts HIV-1 release and is downregulated from the cell surface by the 
viral Vpu protein. Cell Host Microbe. 2008; 3:245–52. [PubMed: 18342597] 

23. Neil SJD, Zang T, Bieniasz PD. Tetherin inhibits retrovirus release and is antagonized by HIV-1 
Vpu. Nature. 2008; 451:425–30. [PubMed: 18200009] 

24. Cao W, Bover L, Cho M, Wen X, Hanabuchi S, Bao M, et al. Regulation of TLR7/9 responses in 
plasmacytoid dendritic cells by BST2 and ILT7 receptor interaction. J Exp Med. 2009; 206:1603–
14. [PubMed: 19564354] 

25. Schüller SS, Sadeghi K, Wisgrill L, Dangl A, Diesner SC, Prusa AR, et al. Preterm neonates 
display altered plasmacytoid dendritic cell function and morphology. J Leukoc Biol. 2013; 
93:781–8. [PubMed: 23401600] 

Kamada et al. Page 7

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://wonder.cdc.gov/wonder/PrevGuid/m0032890/m0032890.asp


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kamada et al. Page 8

Ta
b

le
 1

Fr
eq

ue
nc

y 
of

 B
ST

2 
po

ly
m

or
ph

is
m

s 
in

 a
 c

oh
or

t o
f 

Z
am

bi
an

 in
fa

nt
s 

bo
rn

 f
ro

m
 H

IV
-1

 in
fe

ct
ed

 m
ot

he
rs

B
ST

2 
SN

P
s

H
IV

-1
 in

fe
ct

ed
 in

fa
nt

s;
 n

 =
 8

5

E
xp

os
ed

-u
ni

nf
ec

te
d 

in
fa

nt
s 

(E
U

)

IU
 v

s.
 E

U
IP

 v
s.

 E
U

P
P

 v
s.

 E
U

In
tr

au
te

ri
ne

 (
IU

) 
a

In
tr

ap
ar

tu
m

 (
IP

) 
b

P
os

tp
ar

tu
m

 (
P

P
) 

c
O

R
 [

95
%

 

C
I]

 d
p-

va
lu

e
O

R
 [

95
%

 

C
I]

 d
p-

va
lu

e
O

R
 [

95
%

 

C
I]

 e
p-

va
lu

e

M
A

F
n 

=
 2

2 
(%

)
n 

=
 2

5 
(%

)
n 

=
 3

8 
(%

)
n 

=
 2

46
 (

%
)

rs
91

92
66

A
3 

(6
.8

2)
4 

(8
.0

0)
0 

(0
.0

0)
26

 (
5.

28
)

1.
31

 [
0.

38
 

- 
4.

52
]

0.
93

4
0.

56
 [

0.
52

 
- 

4.
66

]
0.

63
4

-

rs
91

92
67

T
17

 (
38

.6
4)

21
 (

42
.0

0)
21

 (
27

.6
3)

15
4 

(3
1.

30
)

1.
38

 [
0.

73
 

- 
2.

61
]

0.
40

6
1.

59
 [

0.
73

 
- 

2.
61

]
0.

16
7

0.
84

 [
0.

49
 

- 
1.

43
]

0.
60

9

rs
95

76
A

7 
(1

5.
91

)
11

 (
22

.0
0)

4 
(5

.2
6)

73
 (

14
.8

4)
1.

09
 [

0.
47

 
- 

2.
53

]
0.

97
6

1.
62

 [
0.

79
 

- 
3.

31
]

0.
25

9
0.

32
 [

0.
11

 
- 

0.
9]

0.
01

9

G
en

ot
yp

es

rs
91

92
66

G
/G

19
 (

86
.3

6)
21

 (
84

.0
0)

38
 (

10
0.

00
)

22
0 

(8
9.

43
)

R
ef

er
en

ce
0.

93
2

R
ef

er
en

ce
0.

62
4

-

G
/A

3 
(1

3.
64

)
4 

(1
6.

00
)

0 
(0

.0
0)

26
 (

10
.5

7)
1.

33
 [

0.
37

 
- 

4.
82

]
0.

61
 [

0.
51

 
- 

5.
06

]

A
/A

0 
(0

.0
0)

0 
(0

.0
0)

0 
(0

.0
0)

0 
(0

.0
0)

-
-

-

rs
91

92
67

C
/C

8 
(3

6.
36

)
7 

(2
8.

00
)

19
 (

50
.0

0)
11

7 
(4

7.
56

)
R

ef
er

en
ce

0.
58

9
R

ef
er

en
ce

0.
16

6
R

ef
er

en
ce

0.
63

2

C
/T

11
 (

50
.0

0)
15

 (
60

.0
0)

17
 (

44
.7

4)
10

4 
(4

2.
28

)
1.

55
 [

0.
6 

- 
3.

99
]

2.
41

 [
0.

95
 

- 
6.

14
]

1.
01

 [
0.

5 
- 

2.
04

]

T
/T

3 
(1

3.
64

)
3 

(1
2.

00
)

2 
(5

.2
6)

25
 (

10
.1

6)
1.

75
 [

0.
43

 
- 

7.
08

]
2.

01
 [

0.
48

 
- 

8.
3]

0.
49

 [
0.

11
 

- 
2.

25
]

rs
95

76
C

/ C
16

 (
72

.7
3)

15
 (

60
.0

0)
34

 (
89

.4
7)

17
6 

(7
1.

54
)

R
ef

er
en

ce
0.

43
7

R
ef

er
en

ce
0.

33
6

R
ef

er
en

ce
0.

06
2

C
/A

5 
(2

2.
73

)
9 

(3
6.

00
)

4 
(1

0.
53

)
67

 (
27

.2
4)

0.
82

 [
0.

29
 

- 
2.

33
]

1.
57

 [
0.

66
 

- 
3.

77
]

0.
31

 [
0.

11
 

- 
0.

9]

A
/A

1 
(4

.5
5)

1 
(4

.0
0)

0 
(0

.0
0)

3 
(1

.2
2)

3.
66

 [
0.

08
 

- 
8.

36
]

3.
91

 [
0.

38
 

- 
39

.9
5]

-

H
ap

lo
ty

pe
s

rs
91

92
66

- 
rs

91
92

67
- 

rs
95

76
 (

D
′=

0.
97

; 
R

2 =
0.

29
)

G
-C

-C
27

 (
61

.3
6)

29
 (

58
.0

0)
55

 (
72

.3
6)

33
3 

(6
8.

52
)

R
ef

er
en

ce
R

ef
er

en
ce

R
ef

er
en

ce

G
-T

-C
10

 (
22

.7
2)

10
 (

20
.0

0)
17

 (
22

.3
7)

85
 (

17
.4

9)
1.

45
 [

0.
60

 
- 

3.
24

]
0.

39
1.

35
 [

0.
56

 
- 

2.
98

]
0.

41
1.

21
 [

0.
62

 
- 

2.
25

]
0.

53

G
-T

-A
4 

(9
.0

9)
7 

(1
4.

00
)

4 
(5

.2
6)

43
 (

8.
85

)
1.

14
 [

0.
28

 
- 

3.
52

]
0.

77
1.

86
 [

0.
65

 
- 

4.
70

]
0.

18
0.

56
 [

0.
14

 
- 

1.
64

]
0.

37

A
-T

-A
3 

(6
.8

1)
4 

(8
.0

)
0 

(0
.0

0)
25

 (
5.

14
)

1.
48

 [
0.

26
 

- 
5.

34
]

0.
47

1.
83

 [
0.

43
 

- 
5.

85
]

0.
29

-
-

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kamada et al. Page 9
C

I,
 C

on
fi

de
nc

e 
in

te
rv

al
; S

N
P,

 M
A

F,
 M

in
or

 a
lle

le
 f

re
qu

en
cy

; O
R

, O
dd

s 
ra

tio
; S

N
Ps

, S
in

gl
e 

nu
cl

eo
tid

e 
po

ly
m

or
ph

is
m

s.

a In
tr

au
te

ri
ne

 tr
an

sm
is

si
on

 (
IU

) 
co

nf
ir

m
ed

 w
ith

 p
os

iti
ve

 H
IV

-1
 P

C
R

 w
ith

in
 2

 d
ay

s 
of

 b
ir

th

b In
tr

ap
ar

tu
m

 tr
an

sm
is

si
on

 (
IP

) 
co

nf
ir

m
ed

 w
ith

 p
os

iti
ve

 P
C

R
 r

es
ul

t w
ith

in
 4

2 
da

ys
 o

f 
bi

rt
h

c Po
st

pa
rt

um
 tr

ns
m

is
si

on
 (

PP
) 

w
ith

 p
os

iti
ve

 P
C

R
 r

es
ul

t a
t 4

2 
da

ys
 o

r 
ol

de
r

d A
dj

us
te

d 
fo

r 
m

at
er

na
l C

D
4+

 c
el

l c
ou

nt
 a

nd
 H

IV
-1

 p
la

sm
a 

vi
ra

l l
oa

d.

e A
dj

us
te

d 
fo

r 
m

at
er

na
l C

D
4+

 c
el

l c
ou

nt
, H

IV
-1

 p
la

sm
a 

vi
ra

l l
oa

d 
an

d 
m

ilk
 v

ir
al

 lo
ad

.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kamada et al. Page 10

Ta
b

le
 2

Fr
eq

ue
nc

y 
of

 B
ST

2 
po

ly
m

or
ph

is
m

s 
in

 a
 c

oh
or

t o
f 

pe
di

at
ri

c 
an

d 
ad

ul
t d

is
ea

se
 p

ro
gr

es
si

on
 f

ro
m

 T
ri

es
te

 (
It

al
y)

 a
nd

 P
or

to
 A

le
gr

e 
(B

ra
zi

l)
 r

es
pe

ct
iv

el
y.

B
ST

2 
SN

P
s

P
ed

ia
tr

ic
 d

is
ea

se
 p

ro
gr

es
si

on
 a

A
du

lt
 A

ID
S 

pr
og

re
ss

io
n 

b

R
ap

id
 p

ro
gr

es
so

rs
Sl

ow
 p

ro
gr

es
so

rs
O

R
 [

95
%

 C
I]

p-
va

lu
e

R
ap

id
 p

ro
gr

es
so

rs
L

on
g-

te
rm

 n
on

pr
og

re
ss

or
s 

(L
T

N
P

)
O

R
 [

95
%

 C
I]

p-
va

lu
e

M
A

F
n 

=
 2

1 
(%

)
n 

=
 6

7 
(%

)
n 

=
 3

7 
(%

)
n 

=
 2

1 
(%

)

rs
91

92
66

A
0 

(0
.0

)
1 

(0
.7

5)
-

A
2 

(3
.3

3)
6 

(1
4.

29
)

0.
17

 [
0.

02
 -

 
1.

00
]

0.
02

5

rs
91

92
67

T
1 

(2
.6

3)
7 

(5
.3

8)
2.

03
 [

0.
25

 -
 

94
.3

2]
0.

69
T

6 
(1

0.
00

)
7 

(1
6.

67
)

0.
87

 [
0.

28
 -

 
2.

91
]

0.
79

5

rs
95

76
A

0 
(0

.0
)

2 
(1

.4
9)

-
A

3 
(5

.0
0)

7 
(1

6.
67

)
0.

28
 [

0.
06

 -
 

1.
22

]
0.

09
4

G
en

ot
yp

es
d

rs
91

92
66

G
/G

20
 (

10
0.

0)
66

 (
98

.5
1)

-
G

/ G
28

 (
93

.3
3)

15
 (

71
.4

2)
R

ef
er

en
ce

G
/A

0 
(0

.0
)

1 
(1

.4
9)

G
/A

2 
(6

.6
7)

6 
(2

8.
58

)
0.

14
 [

0.
02

 -
 

0.
87

]
0.

02
3

rs
91

92
67

C
/C

18
 (

94
.7

4)
60

 (
89

.5
5)

R
ef

er
en

ce
0.

68
C

/ C
24

 (
80

.0
0)

14
 (

66
.6

7)
R

ef
er

en
ce

C
/T

1 
(5

.2
6)

7 
(1

0.
45

)
2.

09
 [

0.
24

 -
 

99
.7

9]
C

/T
6 

(2
0.

00
)

7 
(3

3.
33

)
1.

13
 [

0.
32

 -
 

3.
95

]
0.

85

rs
95

76
C

/C
20

 (
10

0.
0)

65
 (

97
.0

2)
-

C
/ C

27
 (

90
.0

0)
14

 (
66

.6
7)

R
ef

er
en

ce

C
/A

0 
(0

.0
)

2 
(2

.9
8)

C
/A

3 
(1

0.
00

)
7 

(3
3.

33
)

0.
27

 [
0.

06
 -

 
1.

13
]

0.
06

8

H
ap

lo
ty

pe
s

rs
91

92
66

- 
rs

91
92

67
- 

rs
95

76
 (

D
′=

0.
96

; 
R

2 =
0.

49
)

G
-C

-C
40

 (
95

.2
3)

12
7 

(9
4.

81
)

R
ef

er
en

ce
rs

91
92

66
- 

rs
91

92
67

- 
rs

95
76

 (
D

′=
0.

95
; 

R
2 =

0.
48

)

61
 (

82
.4

3)
34

 (
80

.9
5)

R
ef

er
en

ce

G
-T

-C
2 

(4
.7

7)
5 

(3
.7

3)
1.

42
 [

0.
15

 -
13

.0
4]

0.
76

9 
(1

2.
17

)
0 

(0
.0

0)

A
-T

-A
0 

(0
.0

)
1 

(0
.7

5)
-

2 
(2

.7
0)

6 
(1

4.
29

)
0.

18
 [

0.
02

 -
 

1.
13

]
0.

05
3

G
-C

-A
0 

(0
.0

)
0 

(0
.0

)
-

2 
(2

.7
0)

0 
(0

.0
0)

G
-T

-A
0 

(0
.0

)
1 

(0
.7

5)
-

0 
(0

.0
)

2 
(4

.7
6)

C
I,

 C
on

fi
de

nc
e 

in
te

rv
al

; D
’,

 C
oe

ff
ic

ie
nt

 o
f 

lin
ka

ge
 d

is
eq

ui
lib

ri
um

; M
A

F,
 M

in
or

 a
lle

le
 f

re
qu

en
cy

; O
R

, O
dd

s 
ra

tio
; R

2 ,
 C

or
re

la
tio

n 
co

ef
fi

ci
en

t o
f 

al
le

le
s;

 S
N

Ps
, S

in
gl

e 
nu

cl
eo

tid
e 

po
ly

m
or

ph
is

m
s.

c  
A

dj
us

te
d 

fo
r 

C
C

R
5 

32
bp

 d
el

et
io

n 
(C

C
R

5 
Δ

32
) 

ge
no

ty
pe

 a
nd

 e
th

ni
ci

ty
.

a H
IV

-1
-i

nf
ec

te
d 

ch
ild

re
n 

w
er

e 
cl

as
si

fi
ed

 in
 tw

o 
gr

ou
ps

: R
P 

(d
ev

el
op

ed
 s

ev
er

e 
cl

in
ic

al
 m

an
if

es
ta

tio
ns

 w
ith

in
 th

e 
fi

rs
t t

w
o 

ye
ar

s 
of

 in
fe

ct
io

n,
 d

ef
in

ed
 a

s 
“C

at
eg

or
y 

C
” 

of
 C

D
C

 1
99

4 
A

ID
S 

su
rv

ei
lla

nc
e 

ca
se

 
de

fi
ni

tio
n)

 a
nd

 S
P 

(w
ho

 n
ei

th
er

 p
ro

gr
es

se
d 

to
 C

at
eg

or
y 

C
 n

or
 d

ev
el

op
ed

 s
ev

er
e 

im
m

un
os

up
re

ss
io

n 
be

yo
nd

 e
ig

ht
 y

ea
rs

 o
f 

ag
e)

.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kamada et al. Page 11
b H

IV
-1

 in
fe

ct
ed

 a
du

lts
 f

ro
m

 P
or

to
 A

le
gr

e 
(B

ra
zi

l)
, a

cc
or

di
ng

 to
 A

ID
S 

pr
og

re
ss

io
n 

cr
ite

ri
a 

by
 C

as
ad

o 
et

 a
t. 

(2
01

0)

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 July 01.


	Abstract
	Introduction
	Materials and methods
	Study group
	Sample processing and BST2 genotyping
	Data analysis

	Results
	BST2 SNPs in a cohort of mother-to-child transmission of HIV-1
	BST2 SNPs in adult and pediatric AIDS progression

	Discussion
	References
	Table 1
	Table 2

