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Objectives: To evaluate blood and genital secretions from HIV-infected men for
HIV-1 resistant to antiretroviral agents.

Design: A longitudinal study of 11 men with HIV infection and persistent detectable

HIV RNA levels in blood and semen on antiretroviral therapy.

Methods: HIV-1 from the blood and seminal plasma, obtained before the initiation

of a new therapeutic regimen and on therapy, were evaluated by population-based
sequencing of reverse transcriptase (RT) and protease RNA for the development of

resistance to antiretroviral therapy. The genetic relatedness of sequences over time

was compared.

Results: RT genotypic resistance markers were present in seminal plasma at baseline
in three out of six individuals with previous RT inhibitor experience. fight out of
10 men, from whom the viral sequence was available on new therapy,

demonstrated the evolution of new resistance mutations in the blood or semina!
plasma, or both. The evolution of resistance mutations in blood and semen were

frequent I y discordant, although over time similar patterns were seen. In two
individuals, protease inhibitor resistance mutations evolved in the blood but not in

the major variant in seminal plasma. Comparisons of the viral sequences between

blood and seminal plasma from six men revealed two patterns. Three men showed a

clustering of sequences from blood and semen. Three had sequences that appeared

to evolve separately in the two compartments.

Conclusions: HIV-1 variants with genotypic resistance markers are present in the

male genital tract and evolve over time on incompletely suppressive antiretroviral
therapy. The absence of genotypic changes consistent with protease inhibitor
resistance in the semen, despite their presence in blood plasma, suggests the
possibility of limited penetration of these agents into the male genital tract. Sexual

transmission of resistant variants may have a negative impact on treatment outcome

in newly infected individuals and on the spread of the diseases within a population.
Therapeutic strategies that fully suppress HIV-1 in the genital tract should be a

public health priority. @ 1998 Lippincott Williams & Wilkins
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Introduction

Thc treatment of HIV-1-infected individuaIs with

col11bination therapy has resulted in a significant

suppression of HIV replication and improvemcnt in
clinical outcomes in a substantial proportion of patients

[1.2]. Antiretroviral therapy is likely to influence thc
scxual transmission of HIV -1 because the inoculum is

also almost certainly an important detenninant of sexual

transmission, as it appears to be for parenteral and verti-
cal transl11ission [3-5]. Therefore effective antiretroviral

therapy may also decrease the spread of HIV -1 within a

population.

Consent in accordance with [nstitlltional Itl'vil:\\" L3oarl1

po[i(:y at the respective institlltionS. H[V ItNA 11:\"l'l,
from these individllals have beel1 rcportl'd l'lsl'\\.hL"rl.

[8,1:~,14]. Men gave Se111el1 sa111plcs \Vlth or \\.irll()lit
blood sa111ples at the ti111e of therapy initi;1rioll ;Illd rhL"J1
at 011e or 1110re ti111cS whilc 011 thcrapy. AlltirL"rr()\'ir;11

therapy was administered accordil1g to spL"citic rrL";lr-
ment trials or the patient's physician.

Samlple collection and processing

Sem,:l1 sampIes were collected al1d procL'ssl'd as prL'\.i-

ously described [7,10]. Blood sampies Wl'rL' coIIL'L.tL'd il

acid citrate dextrose (ACD) tubes, procL'ss~d withill -I r

of drawil1g, al1d plasma was frozel1 at -7()0(~ lIllti

al1alysis.Semen is the primary vehicle for the sexual transmis-
sion of HIV-1 from men to their sexual partners [6].
HIV-1 RNA can be quantified in the seminal plasma
(SP) of most men who are infected with HIV [7-10].
The level of HIV RNA in SP correlates with the
recovery of HIV -1 in culture from seminal cells,
although amplification-based, RNA quantification
techniques are more sensitive than culture [8,10]. The
level of HIV -1 RNA in SP is correlated with the
plasma RNA level and inversely correlated with the
CD4 cell count [8]. In addition, factors such as genital
tract inflammation associated with sexually transmitted
diseases (STD) substantially raise HIV-1 RNA levels in
semen [11].

HIV..1 RNA measurements
HIV -1 RNA in the SP was measured as pr('viousl)

descTibed, using the quantitative NASBA method

(Organon- Teknika, Boxtel, the Netherlal1ds), \vhi(h
has a lower limit of detectiol1 of 1000 I~NA t;opi<:s ~)<:r
rnl [10,18]. In blood plasma, HIV-1 I~NA \vas qual1ti-

fied using the NASBA assay or the AmplicorTM HIV-I

MonitorTM Test (Roche Diagl1ostic S)st('ms. Ii)(..

Bran,::hburg, NJ, USA) with a lower limit ot- dL't<:L-tiol)
of 1000 copies per rnl for NASBA al1d 4()() (opi~s ~)L'r

n1l of the Roche assay.

Antiretroviral therapy lowers HIV -1 RNA levels in
semen and decreases the ability to recover infectious
virus [9,12-14 ] .The magnitude of decline in the HIV
RNA level in SP with therapy is usually similar to the
effect of treatment on the blood viral burden. Failure of
treatment to suppress HIV RNA levels completely in
the blood is common [15]. resulting in the selection of
HIV -1 variants in the blood resistant to the agents used
in therapy [16,17]. Not all men on antiretroviral ther-
apy have complete suppression of HIV -1 replication in
their genital tract, and tliey may shed resistant HIV -1.
In this study. HIV-1 protease and reverse transcriptase
(R T) sequences in the blood and SP from men with
detectable RNA in both compartments, despite anti-
retroviral therapy. were analysed for mutations known
to be associated with R T and protease inhibitor resis-
tance. A phylogenetic analysis of HIV-1 RNA
sequences was performed.

Methods

HIV-l-positive men at the University of North
Carolina (USA) or the Kantonsspital, St Gallen

(Switzerland), who had detectable HIV RNA levels in
the blood and semen at the start of a new antiretroviral

therapy and had subsequent positive values on therapy
were studied. All the men gave written informed

HIV-1 RNA sequence analysis

HIV RNA was extracted from blood plas11la or SP

usin~; the Qiagen Viral RNA Extraction Kit. Viral
RNA was reverse transcribed using AMV l~ T , al1d a
portion of the pol genomic region, includil1g all of thc:

prote'ase gene and the first 242 codons ot- thc: l~ T
region, was amplified by a single poly11lC:rasc: chail1
reaction (PCR) step with the Affymetrix HIV Pl~ T T3
and .r7 primers (Affymetrix, Santa Clara, CA, USA).

LabelIed cRNA generated using either T7 or T3 poly-
merases and fluoroscein-dUTP was hybridized to
Affymetrix HIV' PR T GeneChip Probe Arrays accord-
ing to the manufacturer's instructions. Hybridized

probe' arrays were scanned on a Hewlett Packard Gc:I1\.'
Array Scanner confocollaser microscope, al1d sequ(.'n\..c:
data 'was generated using the Affymetrix Gel1eChip 2.()

software with the Rules algorithm for base-calling. Th\:'
amino acid sequence was deduced from the nucleotide

sequence. The consensus amino acid sequel1ce of l~ T
and protease used for comparison was from the Los

Alam,Ds database. Coding changes from consensus asso-

ciated with HIV resistance to R T al1d protc:asc:

inhibitors were taken from the published literaturc:
(reviewed in Reference [19]). ABI sequel1cil1g (Applied

Biosystems, Foster City, CA, USA) was used to
confirm possible coding changes idel1tified by th(.'

Affymetrix technique that had l1ot previously beel1
described. Sequences from blood and SP were aligl1(.,d
using; a multiple sequence alignmel1t algorith11l
implemented in the Clustal W software [20J. After th\.,

multiple alignment, sequel1ces were visuall), co11lpar\:'d

~8, Val



HIV-1 resistance in seminal plasma Eron et a{

than 5000 (3.7 IOgl(J copies per ml. Individuals who

evolved mutations associated with resistancc whilc on

therapy are included in Table 2, which lists thc amino

acid positions at which changes were seen. Two sub-
jects, one treated with zidovudine/saquinavir and thc
other with indinavir, had no changes 11oted at baseline

or on therapy and are not included in Table 2. These
individuals had minimal sustained changes in HIV

RNA levels in the blood on treatment « 0.5 IOgl(J.
Subject U7 is also excluded from Table 2 because

sequence infomlatio11 after baseline was unavailable as a

result of the limited sampIe volume.

to L'11SUrC appropriate aligl1mel1t [21] .Phylogel1etic
;ll1al~!sis W;1S rL'rforn1ed usil1g several recol1structiol1

I11L'th()ds tt'aturcd il1 Clustal W al1d Phylip software

I~~I. iI1L.ludiI1f!; maximum likelihood [23], maximum

~'arsil11ol1y al1d thc distal1ce method with l1eighbor-
joil1il1f!; [241. Threc separate distal1ce metrics were con-

sidL'red 125-271. Bootstrap analyses were performed on

L';ICh phylogcl1L'tic tree r28] .

Results

At baseline only one therapy-naive individual (DW)
had a change from consensus noted at an R T codon
previously described to be associated with resistance
[19]. A K65R substitution consistent with zalcitabine
(ddC) resistance [29] was present in the blood but not
the semen (Table 2). Three out of six subjects, who
were treatment-experienced wi~h R T inhibitors, had a
variable number of coding changes consistent with
known resistance mutations at baseline (D10 and E4 in
Table 2 and U7). Subject D10, with extensive previous
nucleoside analog treatrnent, had mutations consistent
with zidovudine (ZDV), ddC and lamivudine (3TC)
resistance in both blood and SP [30-38]. Subject U7
had R T mutations in virus from SP consistent with
resistance to ZDV at RT codons 41 and 215 [31,34] .
Resistance mutations to ZDV and nevirapine (NVP)
were noted in the semen from subject E4 (Table 2),
who had received these agents in the past [17,39] .Two
additional subjects (E8 and SR) exhibited ZDV-
resistance mutations [30-32] in the semen within
8 weeks on new therapy. These mutations may have
been present as a minority variant at baseline.

Subject description
Eleven subjects. chrol1ically il1fected with HIV -1, were
idcl1tificd with detectable HIV-1 RNA il1 the blood

al1d SP before and while receivil1g a new antiretroviral
rcgimen. These individuals represent 25% of the sub-
jccts (n = 44) who began new antiretroviral therapy

trom whom blood and semel1 sampIes were collected

over time [ 14] .Five subjects were naive to antiretrovi-
ral treatment. Six subjects had received previous R T

inhibitor therapy. All subjects were naive to protease

il1hibitors. Six subjects began protease inhibitor-con-
tail1il1g regimel1s. Median follow-up was 24 weeks

(ral1ge H-58 weeks). Six subjects had sequence available

from blood al1d semel1; five had sequence from SP

samplcs ol1ly. Immul1ological and virological parame-
tl'rs of the 11 subjects at baseline are listed in Table 1;

as arc the maximum changes from baseline observed on
therapy il1 blood and seminal HIV RNA level and in
CD4 cell count. The range of HIV RNA levels in

blood plasma and SP Ol1 treatment were 3.2-6.7 and

3.3-7.7 logl,J copies per ml, respectively. In six out of

11 subjects baselil1e HIV RNA in SP was higher than

il1 the blood plasma. There were no consistent differ-

el1ccs in these il1dividuals in CD4 cell counts, sympto-

matic HIV disease or previous antiretroviral drug
therapy compared with the other five subjects. Five

subjects had baseline SP RNA of greater than 6.5 loglo

copies per ml, whereas only one individual had blood

HIV RNA greater than this level.

Variation from consensus was seen at baseline in semen
and blood at a small number of protease codons associ-
ated with protease inhibitor resistance in these protease
inhibitor-naive individuals {Table 2) [16,40-43]. These
polymorphisrns also occur, however, in the absence of
protease inhibitor therapy [44,45].

In eight subjects, resistance mutations emerged on their
new treatment regimen (Table 2). In four treatment-
naive individuals who received ZDV or ZDV plus
saquinavir, ZDV resistance mutations developed on
treatment. In one subject (SHU) the K70R mutation,
which arises early on ZDV therapy and is associated
with loss of antiretroviral effect [30,46], emerged as the

HIV-l resistance mutations
Sequence was obtained from 63 out of 66 samples

available at the time of this analysis. The three samples

(all from semen) that failed to yield amplified product
t-or the sequencing reaction had HIV RNA levels of

3.4. 4.7 and 5.0 loglo copies per ml. Only three of the

63 sequellces were obtained from samples with less

RangeMedian Mean

Table 1. Baseline immunological and virological parameters

Immunological and virological parameters

Baseline CD4 cells/~1 (median)
Baseline blood plasma HIV-l RNA (log1o copies/ml)
Baseline seminal plasma HIV-1 RNA (log1o copies/ml)
Maximum change in CD4 cell count on study (cells/~I)
Maximum change in blood plasma RNA on study (log1o copies/ml)
Maximum change seminal plasma RNA on study (log copies/ml)
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1000
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1>10..1

~IO~.O

which they appeared, al1d the l1umber of mutatiol1s

varied between compartments (Table 2). 111 ol1e sllbjcct

(TM), a ZDV resistance mutatiol1 became predomil1al1t

in the semen before its appearance in thc blood. 3TC

resistal1ce also evolved in the semen il1 OI1C subjcct

(E8). In two subjects [Dl0, TM], mutatiol1s col1sistcl1t
with protease inhibitor resistance evolved il1 the blood

but not il1 SP (Table 2). One, the V82A mutatiol1,

emerged rapidlyon ritonavir therapy (subject D 1 ())
[40]. A L90M mutation emerged after 40 weeks 011

saquinavir therapy (subject TM) [471.

Correlation of HIV-1 RNA sequence in blood

and semen

Deduced amino acid sequences from blood and semel1

sampIes, obtained at the same times from individL1al
subjects, were 100% concordant il1 only ol1e blood/
semen pair (BM, week 0). All other blood/semcn pairs
from that subject and from all other subjects had multi-

ple amino acid sequence differences. These differel1ccs
included protease gene polymorphisms at codons 36.

63,71and77.

BM...16

I -SM.b.16

; ~ DIO.bl ! DIO.b.O

.1.

-n.l.b.O

1000 r lM...,L

'-n O

~ t

n.I.I.4I
1000 L-r11oI.b.1

909 '--n.(b.1

..7
644

261

I 1M.s2'

2IllrT}.l.b.16

I17c-1n.1.s.163~ -~.b.12

.2AL

The genetic relatedness of nucleotide seque11ccs t-rom

all subjects who had blood and semen seque11ces avail-

able for interpretation is shown in Fig. 1. Seqlle11ce

groups from each individual were distinct from thosc of
all other subjects in each of the analyses perfornled.

Nucleotide sequences from the blood a11d seme11 of thc
same subject, obtained at the same time, were 11ever

identical and were frequently separated by substa11tial

genetic distance (Fig. 1).

7.WSHU.b.J2
'111 '-sHU.b.12

SHU.b.O

rSHU...32

9151(SHU.1.12511 SHU.1.O

JM...9

~ JM..51

169 b51

750 JMb.9
774

1Mb25

701 rJM...O
J25 ~ ...29 J92 JM.bJ

.10 JM.bIJ

2.7 .b.o

Fig. 1. Sequence from a portion of the pol genomic region

including the entire protease gene and 0-242 codons of the

reverse transcriptase. from blood and seminal plasma HIV

RNA of six subjects were analysed. Sequences were aligned

for maximum homology using a progressive multiple

sequence alignment method. Phylogenetic analysis was per-

formed using the neighbor-joining method, using all

sequences available from individuals who had both blood

and semen sampies ampl1tied. Horizontal branch lengths

are proportional to the estimated divergence (sequence dif-

ferences) along each branch. Numbers at branch nodes

refer to the number of bootstrap repetitions (of 1000) at

which the distal sequences group together. Each terminal

horizontal branch represents a majority variant from the

blood or semen at a given time for a given subiect using the

following nomenclature: subiect.source.week (e.g. JM.s.49:

JM is the subject. s is the source compartment [s, semen

and b. blood] and 49 is the time on therapy in weeks).

Phylogenetic trees constructed using maximum likelihood

and maximum parsimony were similar. Phylogenetic analy-

ses including one with a reference strain from the sequenc-

ing laboratory and one with Nl43 (a laboratory isolate)

were undertaken. In each analysis the control variant was

distinct from each of the subiect groups (data not shown).

In two subjects naive to antiretroviral therapy OM.
TM) (Fig. 1). the nucleotide sequence seemed to
evolve over time, with sequences from later times ill
the blood and semen having greater gel1etic distal1ce
from earlier specimens, potentially because of the
emergence of resistant variants. In two subjects (SHU,
D10), temporal genetic variation in the blood al1d
semen compartments appeared separate between the
two compartments (Fig. 1). In subject TM. blood and
semen sequences also appeared to be distil1ct from each
other at later times (Fig. 1). These three subjects had
differential emergence of resistance mutations in the
blood compared with semen (Table 2).

Oiscussion

For most HIV-1-infected men, potent al1tiretroviral
effects in the systernic compartment appear to result il1
sirnilar effects in the genital tract [13,14]. These potel1t
effects do not occur in all HIV -l-infected mel1 who are
treated. In the cohort of men presented here, resistal1ce
to antiretroviral agents, as evidenced by gel1otypic
changes, was easily documel1ted in both the blood al1d

predominant sequence in the hlood hut not in SP. In
the other three suhjects, ZDV resistance mutations
appeared in the hlood and semen, hut the time at



SI'. Subjccts 11aivc to al1tirctroviral therapy were

ulllikl'I~' to havl' mutatiol1s col1sistel1t with R T
Illhibitor rcsistal1ce, although variations or polymor-

rhislllS ill thl' protease scquel1cc [44,45] were seen in
thl' bl()uJ al1d scmcl1 at baseline. Subjects who had

rl'(l.IVl.J ~lrl'vi()us l1uclcoside or l1ol1-nucleoside R T

il}hibitur therapy commol1ly had evidence of resistance
il1 buth compartmel1ts. Mutatiol1s consistent with resis-

t;}I1Cl' t() ZDV, 3TC, saquil1avir and ritonavir emerged
111 thl' blo()d il1 subjects during treatment, and muta-

tiul1s cul1sistel1t with resistal1ce to ZDV and 3TC

l'llll'r~cd il1 thl' scmel1. The rate and pattern of the

l'llll'r~l'II(C ot- rcsistal1ce il1 the two compartments was

ti.l'4Ucl1tly diffcrcl1t. The sequencing techl1ique used in
rhis stud), providcs infornlatiol1 on the majority HIV

scquel1ce prescl1t il1 the sampie. Minority variants may

~o ul1dctected al1d the frequel1cy of resistance muta-
ti()l1s may tlluS be ul1derestimated [48].

variallt ill SP is almost always distillct frofi that of the

majority variant in blood. Frequently, there is substall-
tial genetic distallce betweell variants obtailled at the

same time frofi the two compartmellts (Fig. 1), as has

been seell in sillall cross-sectional studies [50,511. III

addition, gelletic sequellces appear to evolve along
separate paths in the systemic and genital tract compart-
ments in certain individuals (subjects SHU, D 10 and
TM (later time points)). These subjects were noted to
have differences between blood and semen in the resis-

tance mutations occurring on therapy (Table 2).

Differential selective pressures for resistance develop-
ment in the two compartments may be w hat is driving
the genetic divergence. Differences in antiretroviral

drug concentrations between the systemic compart-
ment and the male genital tract may playa role in the

differential patterns of resistance emergence. ZDV

appears to penetrate the male genital tract weIl [52],
and ZDV resistance mutatio~s as the predominant

species in SP can precede, coincjde with or follow the

appearance of ZDV resistance mutations in the blood

(Table 2). Two subjects who developed protease
inhibitor resistance mutations in the blood plasma did
not develop these mutations in the majority variant in
semeIl. Bym et al. [50] reported a similar finding at one
time point in a subject on a protease inhibitor. Whereas
the protease inhibitor indinavir reduces the concentra-

tion ofHIV in the semen [13,53], the degree ofprotein

binding of most protease inhibitors may limit their

concentration in genital secretions and selective

pressure for resistance development. An increased

understanding of the pham1acokinetics and pharmaco-
dynaillics of antiretroviral agents in the genital tract is
needed.

The incomplete suppression of HIV -1 in the gel1ital
tract allows for the evolution of resistant variants il1 this

compartment, The transmissiol1 of variants resistal1t to

ZDV, nevirapine and I1OW protease inhibitors has been
documented [54-56]. Antiretroviral agents that pene-
trate the genital tract poorly may allow ongoing repli-

cation in this compartmel1t even in the face of apparent

effectiveness in the systemic compartment. A subset of
mel1 appear to be hypersecretors of HIV RNA in SP ,

which may be a marker of increased infectiousness [ 111.
These men may be particularly prone to incomplete

suppression of HIV replicatiol1 in the genital tract al1d
therefore at greater risk of shedding resistant HIV -1.
Our observations may have substantial consequences

for newly infected individuals and for public health.

Although all HIV -infected individuals, regardless of

treatment, should be considered potentially infectious,

multiple lines of evidence suggest that a lower HIV
il1oculum results in reduced transmission rates

[3-5,57,58]. The reduction of systemic HIV burdel1
greatly benefits individual patients [1,21. Suppressiol1 of
HIV in the male genital tract is likely to have public

health benefits. Complete suppression of HIV il1 the

Illdividllals ill rhis cohorr are a disrillct sllbset of a larger

~rollp ot. sllbjccrs srartillg Ilew anriretroviral therapy

IIJI. Thl' majoriry of mel1 with detectable HIV-1
ItNA ill the semeIl before the initiation of new therapy
hJd HI\.-l 11 :~A ll'vcls in SP fall below quantifiable

lilllits Oll (hL.rJpy (19/30 or 63'){,), including all men
\vho had HIV-1 I~NA levels fall below quantifiable

Il'VL'ls ill thc blood. In contrast, subjects who had a

poor rl'SpOIlSe to therapy, as measured by changes in
HIV I~NA collcentration in the blood plasma, also had

Vl'I). poor respol1ses in semel1 plasma RNA. In the sub-
"L't of 1l1~1l prescllted here, variable responses to therapy

ill thl' blood and seminal RNA were observed

(Tablc I). No tomlal measllres ofadherence were per-
tormcd il1 thcse subjects. lntolerance or poor adherence
to tlll'rapy may, howcver, be responsible for the poor

alltiretroviral responses in this grollp. More than half
had HIV RNA levels in the semen at baseline that

\Verl' ~rcater thall levels il1 the blood, a finding we have

11()t observed ill larger cohorts [8]. In addition, we

Iloted fiv~ mell, who had seminal HIV RNA values

~reatl'r thall 3 X 1 ()(, copies per m1 before new therapy,

sllbstalltia]ly higher than median levels in either the
lar~l'r grollp from which these subjects were drawn
1141 or ill otht..r reported cohorts [8,9, 13] .In the study

b). C:oombs l't al. [9] ol1ly two out of 117 men had
HIV ItNA ]t..vt.'ls in the semen greater thal1 3 X 10(,

copit.'s per ml. Mel1 with very high viralloads in their
st.'ml'll may be at particular risk for the selection of

resistal1t variants il1 the male genital tract and for persis-
tL.l1t sheddil1g of HI\' on therapy.

Tht' currcl1t study further adds to previous studies

dcl11ol1stratil1g that HIV -1 in the male genital tract is in
a biologically scparate compartment, in which the virus
is at Icast partly produced locally and may be under dif-

ti.'rcl1t sclcctivc pressures than virus in the systemic

(Ol11partl11Cnt f7, 11,49]. A phylogenetic analysis of R T
al1d prott'asc scqucnccs dcl11onstrates that the majority
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semen may, however, be necessary to prevent the evo-
lution of resistant variants in this compartment and

therefore should be a goal of antiretroviral therapy.
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