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HIV-1 transmission is typically associated with the genetic bottleneck in which a single viral 

isolate, known as the transmitted/founder (T/F) virus, establishes successful infection in a new 

host.   Current understanding of T/F virus properties is mostly limited to studies of envelope and 

very little is known about other post-entry viral properties.  Here, T/F viruses from 3 successive 

generations of mother-to-child transmission (MTCT) were characterized.  Nef mediated 

downregulation of human leukocyte antigen (HLA) class I and CD4, and Gag-Pol associated 

replication capacity appeared normal.  Our results revealed no significant differences in these 

functions.  The entry efficiency of T/F viruses and the maternal source were also similar 

however, the Envs of two maternal subsets varied in CD4 and CCR5 requirements for viral 

entry.  Further understanding of whether there are unique functional characteristics of T/F 
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viruses may perhaps provide an opportunity to design a vaccine or other intervention to prevent 

HIV-1 transmission. 
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INTRODUCTION 
	  

Human Immunodeficiency Virus Type 1 (HIV-1) belongs to the family Retrovaridae, 

RNA viruses that utilize reverse transcription for replication.  Within the family, it belongs to the 

genus Lentivirus, which is characterized by a chronic course of disease with a long period of 

clinical latency, despite persistent viral replication.  HIV-1 primarily infects CD4+ T 

lymphocytes, and to a lesser extent, CD4+ macrophages and dendritic cells.  Decline of CD4+ T 

cells is the hallmark of HIV-1 infection and ultimately leads to Acquired Immunodeficiency 

Syndrome (AIDS).  As a consequence of depleted immune system, patients with AIDS suffer 

from a number of opportunistic infections that can be fatal [1, 2]. 

HIV-1 global epidemiology 
	  

HIV/AIDS is pandemic.  At the end of 2010, 34 million people were infected with HIV-1 

worldwide.  In 2010 there were 1.8 million deaths from AIDS, down from 2.2 million in the mid-

2000s, largely due to the more widespread availability of antiretroviral therapy.  Sub-Saharan 

Africa is the most affected region, accounting for 68% (22.9 million) of HIV-1 incidence and 

66% (1.2 million) of all deaths [3].  

HIV-1 originated from cross-species transmission of Simian Immunodeficiency Virus 

(SIV) from primates to humans in west central Africa.  HIV can be divided into two major types, 

HIV-1 and HIV-2.  HIV-1 originated from transmission of SIV in chimpanzees and gorillas to 

humans living in western Africa, while HIV-2 evolved from SIV in Sooty Mangabeys.  HIV-1 is 

divided into four groups (M, N, O and P), where group M (“major”) is responsible for the AIDS 

pandemic.  Group M is further subdivided into nine clades, subtypes A-K.  Subtype C accounts 

for 50% of infections worldwide, where subtype A, B, D, and G accounts for 12%, 10%, 3%, and 

6% respectively [4].  
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HIV-1 molecular structure 
	  

The virion, with a diameter of about 100nm, is comprised of a core structure carrying the 

diploid RNA genome, surrounded by a lipid bi-layer envelope derived from the host cell.  The 

viral envelope contains the surface glycoprotein gp120 and the transmembrane protein gp41, 

enclosing matrix protein p17.  Within the matrix, a capsid composed of protein p24 forms the 

core structure that encloses two copies of identical single stranded ribonucleic acid (RNA), along 

with a nucleoprotein p7, a reverse transcriptase p66, an integrase p32, and a protease p10 [2]. 

 

 

Figure i: Structure of an HIV-1 (HIV 2012/2013, www.hivbook.com) 

 

The genomic organization of HIV-1 is complex compared to other retroviruses.  The 

genome is 9.7 kb in length and is comprised of 9 open reading frames, encoding two groups of 

proteins: structural and non-structural proteins.  Structural proteins are found in all retroviruses, 

including group specific antigen (Gag), polymerase (Pol), and the glycoproteins of envelope 
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(Env).  Non-structural proteins are categorized as either regulatory or accessory proteins. HIV-1 

regulatory proteins are trans-activator of transcription (Tat) and regulators of expression of virion 

proteins (Rev), which modulate transcriptional and post transcriptional steps of virus gene 

expression and are essential for virus propagation.  Accessory proteins include negative 

regulatory factor (Nef), viral protein R (Vpr), viral infectivity factor (Vif), and viral protein U 

(Vpu), which are dispensable for viral growth in cell lines in vitro, but are essential for viral 

spread and disease progression in vivo [2, 5]. 

 

Figure ii: Genomic organization of HIV-1. Structural proteins encoded by gag, pol, and env 

respectively, are shown below the genes. (HIV 2012/2013, www.hivbook.com) 

 

Like other retroviruses, the HIV-1 genome is flanked by the two promoters known as 

long terminal repeats (LTR), and is organized as 5’LTR-gag-pol-env-LTR’3.  In contrast to 

simpler retroviruses, which produce only two mRNAs (unspliced and singly spliced), HIV-1 

generates more than 25 mRNAs.  They are categorized in three groups by their sizes 1) the 

unspliced 9 kb full length RNA, that produces Gag and Gag-Pol proteins, 2) the singly spliced 4 
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kb RNAs, which encode Vif, Vpr, Vpu or Env, and 3) the doubly spliced 2 kb class of RNAs, 

which encode Tat, Rev, or Nef, also classified as early genes [6].  

HIV-1 life cycle 
	  

In order for HIV-1 to enter target cells, it utilizes a primary receptor, CD4, and a co-

receptor, typically CCR5 or CXR4 chemokine receptors.  Once in the cytoplasm, the virus 

releases its RNA genome, and single stranded RNA is reverse transcribed into double stranded 

complementary deoxyribonucleic acid (cDNA) by viral reverse transcriptase. Viral cDNA then 

enters the nucleus in association with integrase and Vpr, and integrates into the host genome 

where it becomes a provirus.  In activated CD4+ T lymphocytes, the proviral LTR recruits 

transcription factors including NFkB and NFAT to drive transcription of the HIV-1 genome [5].   

Early HIV-1 transcripts are spliced into 2kb mRNA, “early genes” (tat, rev and nef) that 

are then exported to the cytoplasm and translated.  Tat returns to the nucleus and binds to the 

LTR, which amplifies viral transcription and also stabilizes the viral transcripts for translation.  

Rev also traffics back to the nucleus, where it binds to the rev response element (RRE) found in 

singly spliced and unspliced viral transcripts to shuttle them to the cytoplasm.  These single 

spliced and unspliced mRNAs “late genes” encode the remainder of the viral proteome, 

including the structural proteins.  Viral assembly including two copies of the RNA genome 

occurs at the cytoplasmic surface of the cell membrane, where gp120 and gp41 (cleaved from the 

gp160 precursor by cellular proteases) assemble to form Env trimers on the outer surface.  

Immature virions bud from the cell surface and mature when the viral protease cleaves Gag and 

Pol into individual functional proteins [6].   

Newly produced virus particles then encounter CD4+ T cells for a new round of 

replication.  Replication of HIV-1 occurs in activated T cells that subsequently die, while a very 
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small fraction of infected cells survive to become resting memory cells that contain a long lasting 

reservoir, which propagates virus once activated.  Approximately 100 billion virions are 

produced every day [7] and through this process, the virus multiplies and disseminates in the 

lymphoid compartment, particularly of mucosal tissues.  Subsequently, systemic infection takes 

place in other peripheral lymphoid organs [8]. 

HIV-1 and immune response  
	  

The course of disease progression after HIV-1 infection can be categorized in three 

stages; the acute phase, the chronic phase and the end-stage AIDS.  In acute infection (4-8 weeks 

post infection), CD4+ T lymphocytes counts decline as the infectious virus in plasma increases.  

HIV-1 specific CD8+ cytotoxic T lymphocytes (CTL) begin to rise and reduce the viral load 

down to the viral set point, the level at which viremia persists through the chronic phase, which 

is an important determinant of the rate of disease progression [9].  HIV-1 specific binding 

antibodies appear during the reduction of viremia, as the CD4+ T lymphocyte count returns to 

near normal.  During chronic infection, neutralizing antibodies appear, CD4+ T cells decline 

slowly and the viral load remains stable.  After years of chronic infection the levels of antibody 

and HIV-1 specific CTL eventually decline and the continual replication and immune evasion 

exhaust the immune system, ultimately leading to opportunistic infection and AIDS.   
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Figure iii: Virological and immunological events during the course of HIV-1 infection 

(Figure by Thomas Vollbrecht)  

 

HIV-1 specific CTL play an important role in the immune control of infection.  It has 

been well established that CTLs suppress HIV-1 replication both in vitro and in vivo [10, 11].  

The antiviral activity of CTLs is mediated by cytolysis of infected cells upon T cell receptor 

(TCR) recognition of viral epitopes that are presented by human leukocyte antigen (HLA) class I 

molecules, the human form of major histocompatibility complex (MHC) class I, on the surface of 

infected cells [12]. 

HIV-1 has evolved many mechanisms to evade both cellular and humoral host immune 

responses.  One way in which HIV-1 evades the CTL response is mediated by the Nef protein.  A 

key function of Nef is to downregulate HLA class I on the surface of infected cells, reducing the 

ability of CTLs to recognize viral antigen presented by HLA class I.  Another function of Nef is 

the downregulation of CD4 from the surface of the cell, which enhances virion budding from 
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infected cells and prevents superinfection.  Nef protein is dispensable for viral replication in 

vitro, but is essential for efficient viral spread and disease progression in vivo [13-15]. 

HIV-1 transmission 
	  

The three main routes of HIV-1 transmission are through 1) sexual exposure to an 

infected partner, 2) sharing needles for intravenous drug with an infected partner, and 3) vertical 

transmission from an infected mother to a child (in utero, intrapartum, or via breast feeding).  

Heterosexual transmission is responsible for about 70% of HIV-1 infections worldwide with the 

rest attributable to men who have sex with men (MSM), mother to child transmission (MTCT), 

and IV drug use [1, 3].  As a mode of transmission, MTCT accounts for more than 10 % of all 

new HIV infections globally.  Over 90% of new infections in infants and young children occur 

through MTCT and in 2008, more than 400,000 children were infected with HIV-1 worldwide or 

more than 1000 children per day [16, 17]. 

It was first established two decades ago that HIV-1 transmission, both horizontal and 

vertical transmission, is associated with genetic bottleneck [18-20].  This phenomenon suggests 

that upon mucosal exposure of diverse quasispecies from the donor, a single variant or very 

small population of viruses, also known as the transmitted/founder (T/F) virus(es), establish 

successful infection in the recipient.  It is still unclear if HIV-1 transmission is a purely 

stochastic process where any virus in the donor quasispecies can be transmitted, or if there are 

biological features unique to T/F viruses, that are required and/or facilitate transmission [21]. 

Many factors play roles in transmission and early infection, including both host and viral 

factors.  Some host factors include the epithelial barrier (e.g. mucosal integrity and mucus), 

intracellular host restriction factors (e.g. APOBEC3G, TRIM5a, and Tetherin), genetic 

susceptibility (e.g. CCR5-delta 32 homozygotes), and immune factors (e.g. neutralizing 
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antibodies).  Viral factors include viral entry efficiency (ability of the virus to use the receptor 

CD4 and co-receptor CCR5), viral replication capacity, and viral evasion of donor immune 

responses [5]. 

Known characteristics of T/F viruses 
	  

The best-established characteristic of T/F viruses is its preferential usage of CCR5 over 

CXCR4 as a co-receptor [22], which is determined primarily from sequences of the V3 region of 

gp120 [23, 24].  Genetic analysis of transmission pairs indicates that transmitted virus has shorter 

V1 and V4 regions, low amino acid variability in V3 loop, and less N-linked glycosylation 

compared to circulating quasispecies in the chronically infected partner [25-27].  Genetic 

analysis of env sequences between the transmission pairs also reveals that characteristics of T/F 

viruses can differ by subtypes [28-30].   

Biological analysis reveals that T/F viruses require high CD4 for entry, and both subtype 

B and C T/F viruses replicate efficiently in primary human CD4+ T cells but not in monocyte-

derived macrophages [31]. Recent studies on Env function of T/F viruses have revealed that T/F 

Envs are less efficient at using CD4, showing greater dependence on CD4 levels for efficient 

entry compared to chronic infection Envs [32].  T/F viruses are generally more sensitive to 

neutralization by antibodies, especially by those in the transmitting partner [25].  Also, T/F viral 

Envs are more sensitive to maraviroc (MVC), suggesting greater dependence on CCR5 for entry 

[33].  Despite the many genetic and functional studies on T/F Envs, however, no consistent 

specific phenotypic characteristics or genetic signatures have been established.  Beyond entry 

efficiency of the T/F viruses, there are very few data on the downstream post-entry functional 

properties. 
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Significance of characterizing T/F viruses 
	  

If there are unique characteristics, either genetic signatures or functional properties of T/F 

viruses, there might be an opportunity to design a vaccine and develop prevention strategies 

targeting such viruses.  Targeting viruses shortly after transmission, where viral quasispecies are 

less diverse due to the genetic bottleneck, would increase the chance in targeting the specific 

population of transmitted viruses before immune escape mutations develop and chronic infection 

is established.   

Here, we investigated the functional characteristics of T/F viruses that serially infected 

three persons in a Mother-to-Child Transmission (MTCT) chain.  This allowed study of the 

characteristics of the T/F viruses in comparison to their maternal quasispecies sources.  Unlike 

most adult transmissions, the timing and quasispecies source of the T/F viruses are well defined.  

Also, understanding the characteristics of MTCT T/F viruses could be beneficial specifically for 

preventing infection of newborns.  Perhaps the viral factors important in vertical transmission 

may differ from the viral determinants of adult mucosal transmission.  Also, characteristics of 

T/F viruses may differ depending on the timing of transmission (e.g. in utero, post-partum, or via 

breast feeding).   

Here, we compared the following functional characteristics of MTCT T/F viruses in the 

infants with the maternal source: 1) Nef mediated CD4 and HLA class I downregulation, 2) Gag-

Pol associated replication capacity in vitro, and 3) Env mediated entry efficiency, specifically the 

CD4 receptor and CCR5 co-receptor usage. 
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MATERIALS AND METHODS 

MTCT study subjects 
	  

The three study subjects are from the same family, where HIV-1 was vertically 

transmitted twice, across three generations through MTCT.  As shown in Figure 1, a woman 

transmitted HIV-1 to her daughter in 1991 (indicated as Subject A to Subject B 1991) and 17 

years later, Subject B transmitted to her daughter in 2008 (indicated as Subject B 2008 to Subject 

C).  Subject A in 1991 had not been prescribed antiretroviral drug therapy prior to labor.  Subject 

B in 2008 however, had been given antiretroviral drug treatment just before labor, but high viral 

RNA in the plasma in Subject C at birth suggests that the virus was transmitted in utero.  The 

samples of Subject A and Subject B in 1991 were obtained 1 month and 3-5 weeks postpartum 

respectively.  The samples of Subject B and Subject C in 2008 were acquired 2 months and 2-2.5 

months post partum respectively.  

Clinically, both Subjects A and B were standard to slow progressors, whereas Subject C 

developed pneumocystis pneumonia (PCP) soon after birth.   Subject A and Subject B shared 

five out of six HLA class I alleles, whereas Subject C shared three out of six with Subject B.  

Specifically, Subject A had HLA class I alleles A*02, A*29, B*45, B*44, Cw6 and Cw7.  

Subject B had HLA class I alleles A*02, A*02, B*45, B*44, Cw6, and Cw7.  Subject C had 

HLA class I alleles A*02, A*11, B*45, B*61, Cw6, Cw15.   None of these alleles are known to 

be associated with altered rates of disease progression. 
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Figure 1: MTCT study subjects 
Functional properties of Gag-Pol, Env and Nef of transmitted viruses were compared to the 
maternal variants.  HIV-1 was transmitted twice, in the same family, for three generations.  The 
first mother to child transmission took place in 1991 from Subject A to Subject B.  17 years later 
in 2008, the Subject B transmitted to her daughter, subject C. 
 

Primary HIV-1 gene (gag-pol, env and nef) isolation and amplification from plasma 
	  

Viral RNA was isolated from 1 ml of plasma using the Ultrasens Viral Isolation kit 

(Qiagen).  Viral RNA was used as a template for reverse transcription using Superscript III 

(Invitrogen). AGPolR and Ofm19 primers (AGPolR 

5’TGCCACACAATCATCACCTGCCATC’3 and Ofm 19 

5’GCACTCAAGGCAAGCTTTATTGAGGCTTA’3) were used for cDNA synthesis, which was 

then used as a template for nested PCR of gag-pol and env/nef quasispecies respectively.  For 

amplification of gag-pol, 737F (5’GCGACTGGTGAGTACGCC’3) and AGPolR primers were 

used for outer PCR and F2nst (5’GCG-GCTAGAAGGAGAGAGATGG’3) and AGPolRnst 

(5’CATCACCTGCCATCTGTTTTCCATA’3) for inner PCR.  For amplification of env, 

EnvA_Derdeyn (5’GCCTTAGGCATCTCCTATGGCAGGAAGAA3’) and EnvM_altR_redo 

(5’TGGGAGTAAATTAGCCCTTCCAGTCCCC3’) were used.  For amplification of nef, 

Nef8687F (5’GTAGCTCAAGGGACAGATAGGGTTA’3) and Nef9495R 

(5’TTATATGCAGCATCTGAGGGC’3) were used.  
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Sequencing and phylogenetic analysis of gag-pol, env and nef alleles 
	  

ABI PCR was set up using primers specific to the HIV-1 gene of interest in conjunction 

with Big Dye 3.1 sequencing kit.  Sequencing was conducted using 3130 Genetic Analyzer 

(Applied Biosystems).  Chromas Lite was used to edit sequences and BioEdit was used to 

confirm and align both nucleotide and amino acid sequences with applicable reference 

sequences.  A neighbor-joining phylogenetic tree was constructed using the programs BioEdit 

and FigTree.  

Construction of AA1305 SfoI delta 5’LTR vector for nef cloning  
	  

Nef alleles used for functional study were selected based on the sequences of the 

quasispecies. We selected the nef allele with the sequence that is homologous to the majority of 

the nef sequence in the quasispecies.  In addition, we also tested nef variants with amino acid 

changes in the important functional domains, if there were any present in the quasispecies.  The 

pAA1305 vector, which was previously described for Nef functional study, is a whole proviral 

vector with HSA reporter in vpu and with deletion of env, vpu and 5’LTR [34].  Since Env and 

Vpu can also downregulate CD4, these genes were eliminated from the vector to isolate Nef’s 

ability to downregulate CD4.  To clone in nef allele into the pAA1305 vector, SfoI sites were 

first introduced in upstream and downstream of Nef using site directed mutagenesis 

(QuickChange II XL, Agilent Technologies).  To avoid recombination of 5’ and 3’ LTR during 

cloning reaction, the 5’LTR was deleted from the AA1305SfoI vector.  This was done by 

digestion of the AA1305SfoI vector with NcoI and SphI, and ligation of sticky ends, which 

conserved the SphI site.  Next, the AA1305SfoI delta 5’LTR vector was linearized with SfoI for 

nef cloning.  Subsequently, SphI and AatII were used to linearize the vector for 5’LTR In-Fusion 

cloning, in order to reconstitute the 5’LTR (Clontech) (Figure 2).   



	  
	  
13	  

 
 
Figure 2: Nef cloning vector: pAA1305SfoI and restriction sites 
pAA1305SfoI is a whole HIV-1 proviral vector with HSA reporter gene in vpr, but with env, vpu 
and 5’LTR deleted.  NcoI and SphI sites were used to remove 5’LTR to create pAA1305SfoI  
delta 5’LTR, which was then used for cloning nef.  Nef was subcloned in between the two SfoI 
sites.  AatII and SphI sites were used to clone 5’LTR back into pAA1305SfoI delta 5’LTR, to 
make the whole proviral vector, pAA1305SfoI.   
 

Production of single-round infectious, pseudotyped reporter HIV-1 
 

Nef recombinant virus: The single-round infectious pseudotyped virus was produced 

through co-transfection of the whole-genome plasmid containing the nef allele of interest, and a 

plasmid encoding the envelope glycoprotein from vesicular stomatitis virus (VSVg) [35].  293T 

cells were transfected with 5 µg of each plasmid with the BioT lipid reagent (Bioland Scientific 

LLC).  Media was changed 16-24 hour post infection and supernatant was filtered using a 0.45 

µM filter and collected within 2-5 days post transfection.   The amount of virus produced was 

quantified using quantitative p24 antigen ELISA (PerkinElmer).  All p24 values were in the 

range of 200,000 – 400,000 pg/ml. 

  

Production of replication competent reporter HIV-1 
 

Gag-Pol recombinant virus: The NL4-3 half-genome plasmid, p83-2 was previously 

modified by the former lab member, Justin De La Cruz, for In-Fusion cloning of Gag-Pol.  
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Specifically, two restriction sites, StuI and HpaI, were introduced upstream and downstream of 

Gag-Pol respectively via site directed mutagenesis (QuickChange II XL, Agilent Technologies).  

Subsequently, p83-2 was linearized with StuI and HpaI for Gag-pol In-Fusion cloning.  p83-10 

plasmid containing wild type murine CD24 or heat shock antigen (HSA), and p83-10 with HSA 

containing an influenza hemagglutinin epitope (HSA-HA) in the nef locus were used as the 

second half in constructing the whole genome construct [36].  10 µg of both half-genome 

plasmids were linearized with EcoRI, column purified, and co-electroporated in one million T1 

cells with a multiporator (Eppendorf) [37].  For these viruses, supernatant was collected between 

days 5-10 post electroporation.  Flow cytometry were used to confirm viral production, via the 

expression of HSA and HSA-HA, using monoclonal antibodies against murine HSA (BD 

Pharmingen) and HSA-HA (Roche) respectively.  Flow cytometric analysis was performed on 

FACscan using Cell Quest software.  Finally, viruses were titered through dilution analysis on 

C8166 cells as previously described [38].  

Env pseudotyped virus: Ancestral sequences were inferred using maximum likelihood 

algorithms from 2 separate software packages, PAML and Datamonkey.org the web server for 

the HyPhy package.  Both methods yielded nearly identical sequences, and the sequences 

obtained from the Datamonkey ancestral reconstruction were synthesized.  Specifically, five 

ancestral env sequences were synthesized: Subject A, Subject B 1991, Subject B 2008 Cluster 1, 

Subject B 2008 Cluster 2 and Subject C (arrows in Figure 10).  Specifically, these synthesized 

ancestral envs were amplified through PCR with primers, env6692F 

(5’CTGCTCTTTCAATATCACCACAAACATG3’) and env8748R 

(5’AAGAATAAGACAGGGCTTGGAAAGG3’).  Subsequently, ancestral envs were cloned 

into p83-10 vector with no reporter using the In-Fusion.  p83-10 carrying ancestral env, and p83-
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2 were linearized with NruI and EcoRI.  Linearized vectors were ligated to make the whole 

genome proviral vector, as described previously [34].   The whole proviral vector was used to 

transfect 293T cells using the BioT reagents (Bioland Scientific LLC).  

Analysis of Nef mediated CD4 and HLA class 1 downregulation by flow cytometry 
	  

1 ml supernatant collected from BioT transfection (p24 antigen 200,000-400,000 pg/ml) 

was used to infect 106 T1 lymphocytes [39].  Infection was set up in a 15 ml conical tube, for 4 

hours at 37°C.  In addition to recombinant reporter viruses carrying individual nef alleles, 

infection with control virus was conducted in parallel; wild type NL4-3 nef (positive control for 

both CD4 and HLA class 1 downregulation), delta nef (negative control for both CD4 and HLA 

class 1 downregulation) [40], and di-leucine to alanine (LL>AA) nef, which is defective in its 

CD4 downregulation (negative control for CD4 downregulation and positive control for HLA 

class 1 downregulation) [41, 42].  Day 3 post infection, 2 x 105 cells were stained with anti-HSA 

FITC (BS Pharmingen), anti-human CD4-APC (BD Pharmingen) and anti-human HLA A*02-

PE (Prolmmune), washed twice with PBS and fixed with 1% paraformaldehyde.  Uninfected T1 

lymphocytes, stained with all three antibodies as well as with their isotypes, were used to define 

the negative quadrants.  Infected T1 cells with wild-type NL4-3 stained with anti-HSA FITC and 

uninfected T1 cells stained with anti-human HLA A*02-PE were used for compensation between 

F1 and F2 channels.  Live cells were counted using a FACScan flow cytometer, and the mean 

fluorescence intensity of CD4-APC and HLA A*02-PE were quantified solely from gated HSA 

FITC positive cells using CellQuest software (Becton Dickinson).  The maximum levels of HLA 

A*02 and CD4 were determined using cells infected with the delta Nef mutant. 
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Viral replication capacity assay  
	  

Prior to conducting viral replication capacity assays, Gag-Pol reporter viruses were first 

titered using C8166 as previously described [38].  Based on infections with different 

concentrations of viruses, the multiplicity of infection (MOI, the ratio of infectious virus to target 

cells) at which viruses would not saturate the system prior to day 9 post-infection was 

determined.  Based on these infections, a MOI of 0.001 was used for Subject C and MOI of 

0.01were used for Subject B 1991 and NL4-3.  Infected cells were collected 1, 3, 5, 7, and 9 

post-infection and genomic DNA was isolated at each time point (DNeasy, Qiagen) for analysis 

by real time PCR (TaqMan Master Mix, Applied Bioscience).  Quantitative analysis was 

conducted using ABI Prism 7700 software (Applied Biosystems).  HSA and HSA-HA were 

detected separately using reporter specific forward primers; HSA: 

5’CGTTTCCCGGTAACCAGA’3 and HSA-HA: 5’CCCGTATGATGTACCGGATT’3, and 

same reverse primer was used to detect both reporters; 

5’AGAGAGAGAGAGAGCCAGGAGA3’ [36].  The reaction was multiplexed with β-actin 

detection, used to normalize for the total number of cells.  Fluorescence-labeled probes were 

used to detect and distinguish between the amplification of reporter gene and the β-actin gene.  

Gene specific fluorescence-tagged probes were β-actin: FAM-

ATGCCCTCCCCCATGCCATCCTGCGT-BHQ and HSA and HSA-HA: HEX-

TCCCTGCAGTCCACAGCTGG-BHQ [36].  A dilution series of plasmid standards for HSA, 

HSA-HA, and β-actin were used to generate the curves of concentration versus cycle threshold 

(CT). 
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Analysis of HIV-1 entry efficiency using Affinofile 
	  

Replication competent ancestral viruses were titered as previously described [43].  

Affinofile profiling was conducted as described by Lee et al. [44, 45].  Briefly, the Affinofile 

assay is a system where one can test the ability of a virus to enter cells at different combinations 

of concentrations of CD4 and CCR5 surface expression.  To measure the entry efficiency of 

viruses, viral entry receptor sensitivity analysis (VERSA) metrics were calculated via the 

website, versa.biomath.ucla.edu.  The three VERSA metrics are vector angle (θ), vector 

magnitude (S), and mean infectivity (M) (Figure 3).  Vector angle θ measures the dependence of 

CD4 and CCR5 for viral entry, vector magnitude S measures the degree in which CD4 and 

CCR5 are required for entry, and mean infectivity M measures the overall infectivity, 

specifically the efficiency of CD4 and CCR5 usage.  Viral entry was measured in relative light 

units, and normalized to the highest percent infection (i.e. the viral entry at the maximum 

expression of CD4 and CCR5 on Affinofile cells). 

 

 
 
Figure 3: Affinofile viral entry receptor sensitivity analysis (VERSA) metrics. 
A) Env mediated infection as a function of CD4 and CCR5 expression level.  Infectivity profile 
is defined by three VERSA metrics: the Mean infectivity (M) (shown in B), the vector angle θ 
and the vector amplitude S (shown in C).  (Figure from K. Chikere et al.) 
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RESULTS 

Isolation and selection of HIV-1 nef alleles for functional study 
	  

To determine if there is a unique functional profile of Nef associated with T/F virus, we 

tested two main functions of Nef: HLA class I and CD4 downregulation.  To do so, nef 

quasispecies were amplified via reverse transcription PCR from the plasma of infected subjects 

and then subcloned into a whole proviral vector with deleted env and vpu  (Figure 2).  A total of 

55 nef clones were sequenced.  The majority of clones from an individual had identical nef 

sequences, but a few clones had amino acid changes in the important functional domains of Nef.  

For the Nef functional study, we selected the clone with the sequence that matches the majority 

of the variants in the quasispecies, as well as some clones, if any, with amino acid substitutions 

in the important functional domains of Nef.  Specifically, one Nef variant from Subject A and 

one from Subject B in the 1991 transmission were compared.  Four Nef variants from Subject B 

2008 and two Nef variants from Subject C were also compared (Figure 4).  The amino acid 

sequences of Nef functional motifs were relatively conserved between transmission pairs except 

for the CD4 binding site and the acidic domain (Figure 4).   

The effect of polymorphisms in functional motifs on Nef mediated CD4 and HLA class I 
downregulation 
	  

The CD4 binding site: The amino acid sequences of the CD4 binding site were 

conserved between the 1991 transmission pair, but two Nef variants from the 2008 transmission 

(Subject C_1 and Subject C_2), substituted a leucine with a valine, WL to WV (Figure 4).  Since 

valine and leucine are both hydrophobic, we expected this change to have little or no effect on 

the CD4 cytoplasmic tail interaction, thus no effect on Nef mediated CD4 downregulation.  As 

expected, the functional analysis revealed that there are no significant differences in the Nef 
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functionality between the transmitted and the maternal variants, (Subject C vs. Subject B 2008) 

despite this amino acid substitution (Figure 6b).  

The acidic domain: Like the CD4 binding domain, the amino acid sequence of the acidic 

domain (PACS1 binding site) was also conserved between the 1991 transmission pair, but one of 

the transmitted variants from 2008 transmission, Subject C_2, had substitution of a glutamic acid 

with a lysine residue (Figure 5).   Variability was most predominant in the acidic domain, where 

PACS1 interacts to facilitate HLA class I downregulation.  Since lysine is positively charged and 

glutamic acid is negatively charged, we expected this modification to have an affect on HLA 

class I downregulation.  However, the HLA class I downregulation analysis revealed no 

significant differences between the transmitted and the maternal variants (Subject C_2 and 

Subject B 2008: Figure 6a).  

The beta COP1 binding site: Most of the Nef functional motifs important for CD4 and 

HLA class I downregulation were conserved among all the Nef variants tested except for the one 

maternal variant, Subject B_2.  This variant had the least homology of amino acid sequence 

among the maternal Nef variants from 2008, with deletions in the PACS1 binding site and beta 

COP1 (Figure 4).  We expected that deletion of one amino acid in the PACS1 site would have 

little effect on HLA class I downregulation, but a complete deletion of the beta COP1 binding 

site would have a significant effect on CD4 downregulation.  However, the functional analysis 

suggested that Nef is functional with no significant differences in HLA class I and CD4 

downregulation, despite these deletions (Figure 6).  

Overall, our results demonstrate the conservation of the Nef amino acid sequences 

between the transmission pairs, especially within the functional domains associated with CD4 
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and HLA class I downregulation.  As the sequence implies, the level to which Nef downregulates 

CD4 and HLA class I were not significantly different between the T/F and the maternal variants. 
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Figure 4: Amino acid sequence of Nef and its functional domains 
Alignments of the Nef amino acid sequences of clones selected for functional study. A Nef 
variant from Subject A and Subject B, from 1991 transmission were tested for functional study.  
For Nef variants from Subject B 2008 and two Nef variants from Subject C, from 2008 
transmission were tested for functional study.  Boxes indicate the known functional domains of 
Nef. 
 

 
 

Figure 5: The acidic domain of Nef, also known as PACS1 binding site  
An alignment of the acidic domains, also known as the PACS1 binding site, from the two 
transmission events.  The acidic domains were conserved in 1991 transmission from Subject A to 
B.  Subject B transmitted two Nef variants to Subject C in 2008.  One of the Nef variants from 
Subject C (Subject C_1) shared the same amino acid sequence as Subject B where the other Nef 
variant (Subject C_2) did not.  The lysine residue was substituted for the glutamic acid in Subject 
C_2.  
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Figure 6: Nef mediated downregulation of HLA class I and CD4  
Percent downregulation of a) HLA class 1 and b) CD4 by Nef variants from two transmissions 
and the controls: WT NL4-3, Delta Nef (negative control for both HLA class 1 and CD4 
downregulation), LL>AA (negative control for CD4 downregulation).  * indicates statistical 
differences of Nef mediated downregulation relative to WT NL4-3. 
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Genetic relationships between T/F and maternal gag-pol quasispecies 
	  

The genetic relationships of T/F to maternal Gag-Pol sequences were assessed.  To do so, 

full-length gag-pol sequences were first isolated from the plasma of infected subjects, then 

amplified and sequenced.  The bulk gag-pol quasispecies were subcloned into an NL4-3 based 

proviral vector to make replication competent virus.  The phylogenetic tree of gag-pol sequences 

depicted the divergence of the T/F viruses in 2008 from T/F viruses in 1991 and from both 

consensus B and NL4-3 gag-pol sequences.  T/F viruses from 2008 (Subject C) shared a 

common ancestor sequence as the maternal quasispecies (Subject B 2008), indicating a close 

genetic relationship between the two (Figure 7).   

 

 

 
Figure 7: Phylogenic tree of T/F gag-pol allele sequences  
Genetic relationships among gag-pol quasispecies of T/F virus (Subject B 1991) and 2008 
transmission pair (Subject B 2008 and Subject C).  
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Replication capacity of T/F and NL4-3 in vitro: parallel comparison and competition 
	  

To determine if T/F viruses have a growth advantage relative to maternal variants and 

NL4-3, we tested the replication capacity of the T/F viruses in vitro.  Recombinant viruses 

carrying different reporters, HSA and HSA-HA, were generated and tested for their replication 

capacity in vitro, defined as the growth kinetics, or the change in viral concentration (log10 

fraction of reporter copies over beta actin copies over time).  Initially, we planned to compare the 

replication capacity of T/F viruses to the maternal source.  However, the maternal sample from 

1991 (Subject A) could not be amplified and maternal isolates from 2008 (Subject B 2008) did 

not produce infectious recombinant reporter viruses.  Therefore, the replication capacity of T/F 

viruses from 1991 and 2008 transmissions (Subject B 1991 and Subject C 2008 shown in Figure 

7) were compared to NL4-3, in parallel and in co-culture. 

For parallel comparisons, T/F and NL4-3 recombinant reporter viruses were cultured 

individually in vitro.  Here the slopes between day 5 and 7 were compared due to linearity of the 

logarithmic growth curve for all viruses tested.  As shown in Figure 8, both transmitted viruses 

were replication competent and had functional Gag-Pol.  There were no significant differences 

between the replication capacity of the T/F viruses and NL4-3 (p = 0.666 and 0.246, NL4-3 

HSA-HA compared to Subject B 1991 and Subject C respectively; p = 0.195 and 0.064, NL4-3 

HSA compared to Subject B 1991 and Subject C respectively).  This was also true when 

replication capacities of T/F viruses from 1991 and 2008 were compared to each other (p = 0.52 

and 0.22 for HSA-HA and HSA viruses respectively, data not shown).  
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Figure 8: Replication capacity of lab strain NL4-3 and T/F viruses from 1991 and 2008 
transmission, cultured individually in vitro.   
a) HSA-HA recombinant viral replication.  b) HSA recombinant viral replication.  The 
replication capacity is represented as the slope between day 5 to 7 post infection, specifically the 
change in log10 fraction of copies of reporter integrated per copies of actin.  
	  

 

To analyze more precisely the relative growth rates of viruses, T/F viruses and NL4-3 

recombinant reporter viruses were co-cultured.  Co-culturing two viruses is a better comparison 

of viral replication capacity since the two viruses are grown in the exact same environment, 

controlling for possible inter-assay variability.  For co-infection, slopes between day 7 and 9 post 

infection were compared due to linearity of the logarithmic growth curve for all viruses tested.  

We also monitored that the infection by both viruses did not reach greater than 5%, to limit the 

likelihood of reporter recombination and avoid saturation (not shown).  The combinations of 

virus grown in the same culture dish are indicated in the legend of Figure 9.  Co-cultured viruses 

carried two different reporters.  Similar to the result from the parallel comparison, there were no 

significant differences in replication capacity of T/F viruses relative to NL4-3, and T/F viruses to 

each other (Figure 9). 
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Overall, our in vitro results from both parallel comparison and the competition assay 

demonstrated the intrinsic capability of the recombinant viruses to replicate.  The result indicated 

that T/F viruses replicate as efficiently as NL4-3. 
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Figure 9: Replication capacity of the two reporter T/F viruses co-cultured in vitro  
Viral growth competition was analyzed between a) NL4-3 HSA-HA vs. NL4-3 HSA, b) NL4-3 
HSA-HA vs. Subject B 1991 HSA, c) NL4-3 HSA vs. Subject B 1991 HSA-HA, d) NL4-3 HSA-
HA vs. Subject C HSA, e) NL4-3 HSA x Subject C HSA-HA, f) Subject B 1991 HSA-HA vs. 
Subject C HSA, and g) Subject B 1991 HSA vs. Subject C HSA-HA.  The replication capacity is 
shown as the slope of the growth curve between day 7-9 post-infection. Specifically, the change 
in log10 fraction of copies of reporter integrated per copies of actin. 
 

Ancestral env sequences of T/F and the maternal viruses 
	  

In order to understand the cellular entry efficiency of T/F viruses, we determined their 

ability to use the CD4 and CCR5 receptors.  As described in the Methods, env sequences were 

first isolated from plasma of HIV-1 infected individuals, then amplified and sequenced.  Based 

on the sequences, several different methods were used to reconstruct the most likely ancestral 

env sequence from two transmission events (arrows shown in Figure 10).  The neighbor-joining 

tree indicated that both the maternal and transmitted env quasispecies from two transmission 

events were individually clustered where they diverged from one common ancestral sequence 

(circled, Figure 10).  The maternal quasispecies in 2008, however, had two subsets of 

populations: one that shared a common ancestral sequence with the T/F viruses (Subject C), and 

one that did not.  We have designated the Subject B maternal env ancestral sequences that 

phylognetically clustered with Subject C T/F virus as “Subject B 2008 cluster 2”, versus one that 

was distinct as “Subject B 2008 cluster 1” (Figure 10). Overall, the ancestral sequences were 
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assumed to approximate the quasispecies, and cluster 2 was assumed to be a pool from which the 

T/F virus was originally derived, distinct from cluster 1.    

 
 
Figure 10: Phylogenetic tree of env quasispecies from two transmission events  
The genetic relationships between T/F and maternal env sequences.  Common ancestral 
sequences of T/F and maternal quasispecies are circled.  Ancestral sequence for each T/F and 
maternal quasispecies, indicated by arrows, were used in the functional analysis. 
 
 

VERSA metrics: CD4 and CCR5 usage by T/F and maternal viruses 
	  

For Env functional analysis, we tested the ancestral Env derived from this phylogenetic 

tree analysis (the arrows in Figure 10).  Specifically we compared the entry efficiency of Env 

from 1991 transmission (Subject A vs. Subject B 1991) and Env clusters from 2008 maternal 

quasispecies (Subject B 2008 cluster 1 vs. Subject B 2008 cluster 2), using the quantitative 

receptor affinity profiling system, Affinofile.   To measure Env mediated infectivity as a function 
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of CD4 and CCR5, VERSA metrics (vector angle (θ), vector magnitude (S) and mean infectivity 

(M)) were calculated.  Table 1 shows the VERSA metrics for viruses from the two transmissions.   

Vector angle (θ): Envs from the 1991 transmission pair (Subject A and Subject B 1991) 

had a vector angle (θ) of similar value less than 45°, indicating the dependence on CD4 for entry 

rather than the CCR5.   However, for the two maternal clusters from 2008, the cluster 2 variant 

had the vector angle greater than 45°, indicating greater CCR5 dependence, whereas the cluster 1 

variant had a vector angle less than 45°, indicating greater dependence on CD4 for entry. 

Vector magnitude (S): Envs from the 1991 transmission pair (Subject A and Subject B 

1991) had a similar value for vector magnitude (S).  However, the S was different for the cluster 

1 and cluster 2 variants from Subject B 2008, where the cluster 1 variant had steeper vector 

amplitude compared to the cluster 2 variant.   The result indicated that Subject B 2008 cluster 1 

variant requires higher levels of CD4 and CCR5 for entry compared to Subject B 2008 cluster 2 

variant. 

 Mean infectivity (M): Envs from the 1991 transmission pair (Subject A and Subject B 

1991) as well as the 2008 maternal variants (Subject B cluster 1 and cluster 2) had similar values, 

indicating similar overall infectivity.  The 2008 maternal variants (Subject B cluster 1 and cluster 

2) had a higher M value, suggesting that maternal viruses from the 2008 transmission are more 

infectious and more efficiently utilize CD4 and CCR5 in general, compared to the maternal virus 

from the 1991 transmission (Subject A). 

Our results demonstrated both similarities and differences in the ability of the virus to 

enter the cell based upon levels of CD4 and CCR5 expression (Figure 11).  Based on VERSA 

metrics, the infectivity of T/F virus was similar to the maternal source (Subject B 1991 to 

Subject A).  However, the one variant of maternal quasispecies, Subject B 2008 cluster 2 
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appeared to be more dependent on CCR5 and required less CD4 and CCR5 for entry compared 

to the other maternal variant, Subject B 2008 cluster 1.  

 

	  
 
Figure 11: Viral entry efficiency: Affinofile profile of T/F and maternal viruses  
The entry profile as a function of CD4 and CCR5 shown in a 3D bar graph: a) Subject A, b) 
Subject B 1991, c) Subject B 2008 cluster 1, and d) Subject B 2008 cluster 2.  The X-axis shows 
different concentrations of Ponasterone A, which regulate expression of CCR5. The Y-axis 
shows different concentrations of Doxycycline, which regulate expression of CD4. The Z-axis 
shows % infection normalized to the highest % infection, which is at the highest expression of 
CD4 and CCR5, at 3.2 ng/ml Doxycycline and 2µM Ponasterone A respectively.  
 
 
 
Table 1: VERSA metrics of T/F and maternal viruses. 
 Vector Angle 

(θ) 
Vector Magnitude 
(S) 

Mean Infectivity 
(M) 

Subject A 1991 21.4 71.98 27.7 
Subject B 1991 21.2 75.6 25.3 
Subject B 2008 cluster 1 31.1 55.5 50.0 
Subject B 2008 cluster 2 65.2 33.0 49.9 
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DISCUSSION 
	  

In our study, we characterized the function of T/F viruses in infants relative to the 

maternal source using three measures; Nef mediated downregulation of HLA class I and CD4, 

Gag-Pol associated replication capacity, and Env mediated entry efficiency.  We not only tested 

the functional properties of the envelope but other downstream properties to better characterize 

T/F viruses.  Based on our functional studies, there seem to be no unique functions associated 

with T/F viruses.  T/F viruses from two vertical transmission events all had functional Nef, Gag-

Pol, and Env.  The magnitude of their functionality was not significantly different except for 

when two maternal Env subsets from 2008 (Subject B 2008 cluster 1 and Subject B 2008 cluster 

2) were compared.  

First, the functional analysis of Nef revealed that T/F viruses have functional Nef and can 

downregulate CD4 and HLA class I to a similar degree as the maternal Nef variants (Figure 6).  

It has been well established that functional Nef is required for a successful infection in the new 

host and for disease progression in vivo [13, 15, 46].  Though Nef is not required for blood 

transmission [15, 47], Nef appears to be an important factor during sexual transmission.  In 

vertical transmission, functional Nef also appears to be important.  Previous data shows the 

conservation of important functional Nef domains in vertical transmission [48] and no 

association of defective Nef with long-term MTCT survivors [49].  In line with published results, 

our data also depicts the conservation of functional motifs with fully functional Nef, indicating 

the importance of Nef in vertical transmission.   

In addition to comparing Nef’s function in T/F virus to the maternal source, correlations 

between the amino acid sequences of Nef’s functional domains and Nef’s ability to downregulate 

CD4 and HLA class 1 were made.  One of the functional domains of Nef that we examined was 
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the CD4 binding domain, which is responsible for CD4 downregulation. The substitution of 

leucine to valine in the CD4 binding domain from Subject B to Subject C in 2008 transmission 

did not have an effect on CD4 downregulation (Figure 6b).  This suggested that Nef with a 

substitution in a functional domain can still be transmitted as long as Nef is functional.   

Another functional domain of Nef that we examined was the acidic domain, which is 

responsible for HLA class 1 downregulation. The substitution of glutamic acid to lysine in the 

acidic domain of one transmitted variant from 2008 (Subject C_2) did not have an effect on HLA 

class I downregulation (Figure 6a).  Our results suggested that Nef can fully downregulate HLA 

class I with one basic residue in the acidic domain, supporting previously published results 

stating that only a net of two negative charges in the putative acidic domain is sufficient to fully 

downregulate HLA class I [50].  Though the lysine residue appears to have no effect on HLA 

class I downregulation, the sequence evolution revealed that the lysine variant was selected 

against post-transmission.  Interestingly, the lysine residue was only present in the earlier sample 

post-partum (Subject C_2) and had disappeared in a sample taken 6 weeks later (Subject C_1).  

Specifically, the lysine residue reverted to the glutamic acid residue, like the maternal amino acid 

sequence (Figure 5).  This phenomenon suggests that upon transmission of functional Nef, the 

virus evolves, without affecting Nef functionality, to better fit the host environment.   

Lastly, we examined one of the beta COP1 binding domains, which has been previously 

suggested to be involved in CD4 downregulation [51]. The fact that the deletion in one of the 

beta COP1 binding domains in the maternal variant (Subject B_02) had no effect on Nef’s ability 

to downregulate CD4, suggests that this site may not be critical for CD4 downregulation.  It may 

also be possible that mutations in the non-functional motifs may compensate for this deletion, or 

that Nef may use the other beta COP1 binding domain, the arginine (RXR) motif in the N-
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terminal alpha helical domain that is necessary for maximal HLA class I downregulation [51], to 

downregulate CD4. 

For functional analysis of Gag-Pol, we measured the replication capacity of T/F viruses 

from both the 1991 and 2008 transmission events (Subject B 1991 and Subject C respectively) in 

vitro.  We used replication capacity as a measure to describe the fitness of the virus.  The term 

fitness is generally described in the context of an in vivo setting, but the viral growth kinetics 

measured in vitro, in the absence of any selective pressure, can provide insight into the intrinsic 

ability of the virus to replicate.  When we compared the replication capacity of T/F viruses to 

NL4-3, and to each other, we saw no significant differences, and there seemed to be no growth 

advantage associated with the T/F viruses (Figure 8 and 9). 

There are only a few studies on the replication capacity of T/F viruses.  One study 

demonstrates a lower replication capacity of T/F viruses in infants relative to viruses from the 

transmitting mother [52].  However, this study was a comparison based on averages between 

unpaired mothers and infants, and not a direct comparison between transmission pairs.  

Unfortunately, we were not able to construct the reporter recombinant virus that represents the 

maternal quasispecies (Subject A from 1991 and Subject B from 2008) and do a pairwise 

comparison.  Since NL4-3 is generally accepted as fit in vitro, we can say that the intrinsic 

property of the T/F virus is intact and Gag-Pol functions as efficiently as NL4-3.  However, we 

cannot conclude whether T/F virus is better fit than the maternal source until we compare the 

transmission pairs.  Overall, based on the viral replication capacity we observed in our assays, 

the T/F viruses from both transmission events had functional Gag-Pol and were able to replicate 

as efficiently as NL4-3 in vitro.  
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For functional analysis of Envs, we compared the entry efficiency of the T/F and the 

maternal virus from the 1991 transmission (Subject A versus Subject B 1991), and the maternal 

variants from 2008 (Subject B 2008 cluster 1 versus Subject B 2008 cluster 2).  Our data 

suggested that T/F virus had functional Env, with similar entry efficiency as the maternal source.  

When VERSA metrics were compared between T/F and the maternal viruses from the 1991 

transmission, the values were very similar (Table 1).  Both viruses are CD4 dependent and 

require similar amounts of CD4/CCR5, using them with equal efficiencies.  This correlates with 

previously published results suggesting the similar infectivity and efficiency of CD4 and CCR5 

usage by T/F viruses and chronic viruses [53, 54]. 

However, CD4 and CCR5 usage was slightly different when the two maternal variants 

from 2008 were compared.  When VERSA metrics were compared between the maternal 

variants from 2008 (Subject B 2008 cluster 1 and Subject B 2008 cluster 2), the values were 

different (Table 1).  Our data suggested that Subject B 2008 cluster 2 variant, which shared the 

common ancestral sequence with the T/F viruses (Subject C), was highly dependent on CCR5 for 

entry, compared to Subject B 2008 cluster 1 variant, which did not share the common ancestral 

sequence.  If we assume that the Subject B 2008 cluster 2 maternal variant better represents the 

transmitted virus due to a closer genetic relationships with the T/F viruses (Subject C), our result 

correlates with previously published results demonstrating the dependence of CCR5 by T/F 

viruses compared to the chronic viruses [33].  Our data also suggested that Subject B 2008 

cluster 2 variant required less CD4 and CCR5 for entry whereas the Subject B 2008 Cluster 1 

variant required more.  If the T/F virus indeed has an advantage during transmission, it is logical 

that the maternal variant (Subject B 2008 Cluster 2) that shared a common ancestral sequence as 

the actual transmitted virus (Subject C) has an easier access for entry, requiring less CD4 and 
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CCR5 molecules on the target cells, therefore transmitted.  However, this observation contradicts 

a previous publication stating that T/F viruses require high levels of CD4 for entry [55].  This 

published result is relative to chronic viruses, which consists of viruses that are transmitted and 

viruses that are not transmitted. 

If we can infer the subset of maternal viruses that are transmitted and the maternal subset 

that are not, based on the genetic relationships, comparing these maternal subsets may be a better 

way to characterize T/F viruses instead of comparing T/F viruses with the whole maternal 

source.  This is because the maternal quasispecies not only consist of viruses that are transmitted 

but also viruses that are not transmitted.  When comparing the T/F viruses to the maternal 

quasispecies, one cannot distinguish the two subsets of viruses, transmitted and non-transmitted.  

If there is a differential usage of CD4 and CCR5 between maternal viruses that are transmitted 

and those that are not, the amount of CD4/CCR5 required for entry may be one of virological 

factors that impact the bottleneck; selection of T/F virus from all the maternal quasispecies.  

Though we have some insights on the functional profile of T/F viruses, there are many 

caveats to this study that we have to take into consideration.  For Nef and Env functional studies, 

we did not test the bulk quasispecies of HIV-1 within these individuals, but assumed that the 

functions of genetically representative members reflect the functional profile of the entire 

quasispecies.  Specifically for Env functional studies, we assessed the ancestral env sequences 

and did not directly assessed the T/F sequences but rather inferred those sequences using 

phylogenetic tools applied to the quasispecies.  For the Gag-Pol functional study, the 

quasispecies were assessed however, we tested the contribution of Gag-Pol in the NL4-3 context 

in vitro, which might not accurately reflect the overall fitness of the viruses in their native 
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genetic context in vivo. Finally, this study is examining only two MTCT events, albeit interesting 

because these events spanned three generations of the same family. 

In conclusion, the analysis of T/F viruses suggested no unique functionality of Nef, 

replication capacity, or entry efficiency associated with T/F viruses when compared to the 

maternal source.  When comparing two clusters of Env variants from the maternal quasispecies 

in 2008, we observed a differential usage in CD4 and CCR5.  The Subject B 2008 cluster 2 

variant, with a closer genetic relationship with the T/F virus, was CCR5 dependent and required 

less CD4 and CCR5 for entry.  This differential usage of CD4 and CCR5 by the subsets within 

the maternal quasispecies may better reflects the characteristics of T/F viruses.  Our study was 

based on one family and two transmission events, therefore our conclusions may only pertain to 

this particular family.  A larger sample size and pairwise comparisons would be necessary to 

demonstrate that our results reflect a fundamental principle of vertical HIV-1 transmission.  
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