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Abstract
We present a case of sexual transmission of HIV-1 predicted to have CXCR4-tropism during
male-to-male sexual exposure. Phylogenetic analyses exclude cell-free virus in the seminal plasma
of the source partner and possibly point to the seminal cells as the origin of the transmission event.

Introduction
Most HIV transmission events globally occur via mucosal exposure to HIV found in male
genital secretions (Baeten et al., 2011), but it remains unclear whether cell-free, cell-
associated virus, or both are the primary source for sexually transmitted HIV (Anderson et
al., 2010; Butler et al., 2010). It is also unclear if the transmission bottleneck selects for
CCR5 tropic (R5) viruses (Schuitemaker et al., 2011), yet such viruses predominate in the
blood early after infection (Rieder et al., 2011; Zhu et al., 1993). Although recent studies
provide some evidence of CXCR4 (X4) co-receptor use during acute infection (Chalmet et
al., 2012; Eshleman et al., 2007; Wagner et al., 2012), reports of transmission of X4-tropic
virus remains extremely rare. Recently, we described several cases where the virus
transmitted during sexual exposure between men who have sex with men (MSM) originated
from seminal plasma (Butler et al., 2010). Here, we present a case of sexual transmission of
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HIV that was genotypically predicted to be predominantly X4-tropic, and was not detected
in the seminal plasma of the source partner.

Material and Methods
Paired blood and semen samples were collected from an epidemiologically and
phylogenetically linked transmission pair, as described in (Butler et al., 2010). Single
genome sequencing and ultra deep sequencing (UDS) of the HIV-1 env C2-V3 coding
region (Genbank accession numbers: JQ087498-JQ087605) were performed on HIV RNA
extracted from source and recipient blood plasma. Single genome amplification was
performed using cloning on nucleic acid extracted from peripheral blood mononuclear cell
(PBMC) (DNA), seminal plasma (RNA), and seminal cell (DNA) of the source partner, as
previously described (Butler et al., 2010; Gianella et al., 2011). Phylogenetic maximum
likelihood trees were generated using RAxML (Stamatakis et al., 2005) and clade support
values were obtained using MrBayes (Ronquist and Huelsenbeck, 2003).
Compartmentalization analyses were performed using Slatkin-Maddison and FST methods
(Zarate et al., 2007). Cellular tropism was predicted from V3 loop sequences using Web
PSSM (Jensen et al., 2006) and Geno2pheno (Daumer et al., 2011) with a false-positive rate
set at 5.75% (Rieder et al., 2011).

Results and Discussion
Both subjects were men who reported sex with other men as their only HIV risk factor, and
the recipient partner reported receptive and insertive unprotected anal and oral sex with his
source partner. Seminal and blood samples were collected from both subjects 90 days after
recipient’s estimated date of infection. At this time, the source partner was 22 years old, his
HIV RNA viral load (VL) was 88,586 copies/ml of blood plasma, and his CD4 T cell count
was 294 cells/ml. The recipient partner was 30 years old, his HIV RNA VL was 38,775
copies/ml of blood plasma, and CD4 T cell count was 370 cells/ml. Both subjects were
infected with HIV-1 subtype B, as determined using SCUEAL (Kosakovsky Pond et al.,
2009).

For the source partner, two statistical tests (i.e. Slatkin-Maddison and FST) provided clear
evidence of viral compartmentalization (p<0.01) between sequences obtained from seminal
plasma and seminal cells, as well as between seminal plasma and blood (both blood plasma
and PBMC derived sequences). Subcompartmentalization between HIV-1 isolated from
seminal plasma and from seminal cells has been described previously (Butler et al., 2010;
Paranjpe et al., 2002) and is likely the consequence of different anatomic origin of the two
component (seminal plasma is derived from the prostate and the seminal cells mostly
originate from the rete testis and epididymis). Additionally, phylogenetic reconstruction
strongly suggested that the viral population sampled from the recipient’s blood plasma
originated from either the source partner’s seminal cells (HIV DNA) or blood rather than
from the source’s seminal plasma (posterior support of reciprocal monophyly >95%) (figure
1).

Although the source of sexually transmitted virus might be expected to be from the genital
compartment, it is possible that the observed HIV transmission occurred when the recipient
partner was exposed to the blood of the source partner during sex, e.g. mucosal tears.
Additionally, since the samples were collected 3 months after the estimated date of
infection, we cannot role out that the virus sequenced in the seminal cell compartment from
the source partner was present also in the seminal plasma at the time of transmission. It is
possible that the virus integrated in the cellular compartment lives longer than the cell-free
virus in seminal plasma.
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Genotypic tropism analysis of clonal sequences predicted a mixed population of CXCR4
(X4) and R5 tropic viruses in blood plasma (14 X4; 9 R5), PBMC (14 X4; 5 R5) and
seminal cells (16 X4; 10 R5) of the source partner, while 20 sequences within the source’s
seminal plasma were exclusively R5 tropic. We recovered predominantly X4 virus from the
recipient’s blood plasma (22 sequences were predicted as X4 and one was predicted as R5).
Similar results were obtained from UDS data, with 49% predicted X4 tropism in source’s
blood and 99.6% predicted X4 tropism in recipient’s blood plasma. As discussed above, the
delay in collecting the specimens could have confounded our findings since the sampled
virus has been replicating in the recipient for 90 days since transmission. However, it seems
unlikely to observe a complete tropism switch to X4 in the recipient blood population within
3 months from the transmission event. Unfortunately, it was not possible to obtain
phenotypic proof of tropism for these samples. However, several previous studies
demonstrated a high concordance between genotypic and phenotypic co-receptor usage
prediction especially for subtype B viruses and using 454 data (Daumer et al., 2011;
Schuitemaker et al., 2011; Wagner et al., 2012).

This report provides evidence that (i) HIV sexually transmitted between MSM does not
always originate from seminal plasma, (ii) seminal cells can present a compartmentalized
viral populations in regard to seminal plasma, (iii) genotypically predicted X4 tropic virus
can be transmitted during a sexual transmission.

Since transmitted virus represents the initial encounter of the immune system with the new
infection, the understanding of its composition will be critical in the development and
implementation of preventive measures.
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Highlights

• We investigated the origin of sexually transmitted HIV-1 between MSM (cell-
free versus cell-associated virus)

• HIV sexually transmitted between MSM does not always originate from seminal
plasma

• Seminal cells can present a compartmentalized viral populations in regard to
seminal plasma

• X4 tropic virus may be transmitted during a sexual transmission.
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Figure 1. Phylogenetic analysis of source and recipient’s viral sequences
Maximum likelihood phylogenies of source and recipient’s viral populations in the different
compartments. Sequences from recipient are red, sequences from source are blue. Full dots
show SGS sequences from blood plasma RNA, squares show clonal sequences from PBMC
DNA, diamonds show clonal sequences from seminal plasma RNA, triangles show
sequences from seminal cells DNA. Empty dots display a representative sample of UDS
reads. Grey shadow shows the seminal plasma cluster, which is not the origin of the
transmitted virus
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