
Abstract. The emergence of HIV-resistant strains generally
occurs during treatment failure. A high rate of viral replication,
low patient adherence to therapy, poor drug absorption or
increased drug metabolism may be related to treatment failure and
favour the onset of resistance. Recently, despite the absence of
detectable HIV viral load in plasma, the importance of the
persistence of HIV replication in other reservoirs has been
underlined. Paired semen and plasma specimens stored from HIV
male patients were tested using the LiPA assay, detecting genotype
mutations related to Nucleoside Reverse Transciptase Inhibitors
(NRTI) resistance. Overall, 32 paired semen and plasma samples
were analyzed. The presence of HIV sequences was determined in
13 paired specimens (40.6%). Sixteen semen and 10 plasma
specimens failed to amplify. At least one mutation was identified
in the plasma of 77.8% of treated and 50.0% of naïve patients.
Similarly, mutations were identified in the semen of 66.7% of
treated and 50.0% of untreated patients. Different mutation
patterns between the two compartments were found in 46.2% of
patients. The use of rapid assessment of HIV resistance in plasma
and semen may be useful in some situations, such as HIV
infection transmitted by sexual contact. Our data reinforce the
evidence that, regarding HIV replication, the male genital tract
must be considered as a separate compartment from the plasma. 

The emergence of HIV-resistant strains generally occurs

during treatment failure (1). A high rate of viral

replication, low patient adherence to therapy, poor drug

absorption or increased drug metabolism may be related

to treatment failure and it can favour the onset of

resistance. Recently, the importance of the persistence of

HIV replication in other reservoirs, despite the absence

of detectable HIV viral load in the plasma, has been

underlined (2). 

The central nervous system (3) and the lymphoid tissue

(4) have already been demonstrated to be main HIV

reservoirs. Studies by our group and other researchers

showed that the male genital tract may also harbour distinct

HIV sub-populations (5-7). Similarly, other authors

identified different HIV strains in the semen and blood of

patients with chronic HIV infection, suggesting that semen

and blood act as distinct compartments (8), 

A highly active antiretroviral therapy (HAART) can

dramatically reduce the HIV viral load both in the semen

and in plasma of HIV-infected patients (9), but examples of

discordant HIV-RNA levels between paired blood and

semen specimens during HAART were shown (10).

Moreover, evidence of different resistance patterns between

semen and plasma in patients with detectable HIV-RNA

during HAART is also available (11). Furthemore, data

about sexual transmission of resistant virus are still

incomplete and inconclusive; however, this possibility has

been suggested (12).

The aim of this study was to evaluate the genotypic

resistance pattern in plasma and semen from HIV-infected

subjects using the Line Probe Assay (LiPA) for HIV reverse

transcriptase mutations, which is a rapid way (i.e.:
performed in the same day) of assessing multiple genotypic

changes in reverse transcriptase genotype. We used the

commercially available LiPA to detect the wild-type and

mutated reverse transcriptase codons.
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Materials and Methods

Study population. Paired (i.e.: collected at the same moment) semen

and plasma samples, obtained from HIV-1-positive male patients,

were analyzed. The samples were selected from a large store of

samples collected from the Infectious Diseases Unit of the

University of Naples "Federico II" and the A.O. "D. Cotugno"

Hospital of Naples, Italy. The inclusion in this study was based on

the availability of sufficient and suitably stored semen and plasma

and on the presence of detectable HIV-RNA both in the plasma

and semen. 

Sample collection and processing. Semen samples were processed

within two hours after collection and frozen at -70ÆC until analysis.

Blood samples were collected in EDTA tubes, processed within 4

hours of withdrawal and the plasma was frozen at -70ÆC until

analysis. HIV-1 plasma and semen RNA concentrations were

measured with the cRT-PCR.

LiPA genotypic testing. The commercially available LiPA

(Innogenetics Inc., Alpharetta, Georgia, USA) was used to detect

wild-type and mutated RT codons at positions 41, 69, 70, 74, 184,

214 and 215 (13). Amplified reverse transcriptase fragments of viral

RNA samples were incubated with LiPA membrane test strips, into

which selected oligonucleotide probes had been fixed. After

hybridization, a colorimetric reaction indicated the presence or

absence of wild-type and mutated RT codons. Although the assay

is more sensitive than the DNA sequencing method, particularly in

the detection of mixtures – detecting 2.8% of the total genome

compared with 10-25% with a limited number of probes (13)–

novel mutations in the reverse transcriptase region will not be

detected and null signals will appear, i.e. no band forms for that

codon. The detection limit of the procedure is 1000 HIV RNA

copies/ml.

Results

Thirty-two paired semen and plasma samples were analyzed.

We were able to determine the HIV reverse transcriptase

sequences of both semen and plasma specimens in 13 of the

32 patients (40.6%). Sixteen semen specimens and 10

plasma specimens failed to amplify (both plasma and semen

in 7 paired specimens).

The characteristics of the 13 patients are listed in Table I.

The mean age was 42 years (range, 24-53 years). Among the

patients, 9 were in current treatment with two nucleoside

reverse transcriptase inhibitors (NRTI) – four of them also

with a PI – and four were antiretroviral naïve. The HIV-

RNA was lower in semen than in plasma in all patients.

Using the LiPA assay, we detected at least one drug-

resistant mutation in blood samples from 9/13 patients

(69.2%) (Table II). At least one mutation was identified in

the plasma of 7/9 treated patients (77.8%) and 2/4 (50.0%)

naïve patients. In the same way, at least one mutation was

identified in the semen of 6/9 treated patients (66.7%) and

2/4 (50.0%) treated patients. In addition, 2 or more

mutations were found in the plasma of 4/13 subjects

(30.8%), but none of the patients had more than a single

mutation in the semen. Six out of the 13 patients (46.2%)

showed a difference in mutation patterns between the two

compartments.
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Table I. General characteristics of 13 patients considered in the analysis.

Treated patients Untreated patients

Risk Group Risk Group

Intravenous Drug Use: 5 patients Intravenous Drug Use: 2 patients

Homosexual Exposure: 2 patients Homosexual Exposure: 1 patient

Heterosexual Exposure: 2 patients Heterosexual Exposure: 1 patient

CD4+ Count CD4+ Count

Median: 341/mm3 Median: 450/mm3

Range: 116 – 757 Range: 365 – 498

Plasma HIV-RNA Plasma HIV-RNA

Median: 10,200 copies/ml Median: 45,154 copies/ml

Range: 4,620 – 62,990 Range: 251 – 54,530

Semen HIV-RNA Semen HIV-RNA

Median: 2,567 copies/ml Median: 4,288 copies/ml

Range: 1000-7,654 Range: 1000-12,432

Table II. HIV reverse transcriptase mutations detected in paired plasma
and semen specimens.

Patient Plasma Semen Current Previous 

n. therapy therapy

01 K70R K70R d4T, ddC AZT, ddI, 3TC

M184V

02 K70R K70R AZT, ddI

03 K70R M184V AZT, 3TC, PI

04 M184V M184V D4T, 3TC

K70R

05 K70R K70R AZT, ddI

06 K70R K70R d4T, 3TC, PI AZT, ddI, ddC

L74V

M184V Wild-type AZT, 3TC, PI

07 K70R

T69D

M184V

08 Wild-type Wild-type AZT, ddC

09 Wild-type Wild-type AZT, ddI, PI

10 M41L M41L None None

11 M184V M184V None None

12 Wild-type Wild-type None None

13 Wild-type Wild-type None None

AZT= Zidovudine; ddI = Didanosine; ddC = Zalcitabine: 3TC =

Lamivudine; d4T = Stavudine; PI = Protease inhibitor.



The K70R mutation was found in 6 patients in the plasma

and 4 patients in the semen. Among these 6 patients, 4 were

in current treatment with AZT and 2, carrying the mutation

both in plasma and in semen, had interrupted AZT

treatment 4 and 6 weeks before, respectively, but were still

in treatment with d4T. 

The M184V mutation was detected in the plasma from 3

out of 4 patients and in the semen from 2 out of 4 patients

treated with lamivudine (3TC). One subject was found to

have the M184V mutation in the plasma, but not in semen:

he had stopped 3TC 5 months previously. One plasma

specimen contained M74V and one the T69D mutation.

Mutations both in plasma and in semen were found in 2 of

the 4 naïve patients: the M41L mutation, generally

associated with AZT therapy, and the M184V mutation.

Discussion

HIV genotypic resistance tests are useful for the choice of

the best therapeutic regimens (14,15). The tests are now

recommended in the choice of first-line therapy in naïve

patients, but are indicated after virological failure (16).

Genotypic assays have been modified to facilitate their use

in the clinical virology setting. However, many aspects of

these tests are still to be fully validated.

Evaluation of reverse transcriptase mutations in semen is

important, because nucleoside RT inhibitors are more

effective in this compartment (17), whereas almost all

protease inhibitors, except indinavir alone or in association

with ritonavir, seem to be less effective (18). Choosing the

best treatment for HIV-infected patients, one should also

consider the effectiveness of the drugs in semen in order to

reduce the risk of HIV sexual transmission. 

LiPA, which is a quick and easy-to-perform test, is

suitable for the routine detection of genotypic mutations in

semen as well, though in our experience it failed to amplify

a high number of semen and plasma specimens.

In most patients in treatment failure, NRTI mutations

were always present in plasma. Fewer mutations were found

in semen than in plasma, however, the mutations were

related to the drugs used by the patients. This observation

could be linked to the higher concentrations reached by

some drugs in the semen compared with plasma. AZT

reaches 3.6-fold higher concentrations, 3TC 5.3-fold (18)

and d4T 1.5-fold in semen with respect to plasma (19). The

mutations found in semen were generally also found in the

plasma of all patients, although about half of the patients

showed differences between the two compartments, while in

one patient the M184V mutation was found in semen, but

not in plasma.

In addition, it is important to underline that the detection

of mutations in the plasma and semen of naïve patients

could suggest the possibility of the transmission of drug-

resistant viral variants to newly-infected individuals by

sexual contact, an increasing public health problem (20-23).

In conclusion, the use of rapid assessment of HIV

resistance in plasma and semen may be valuable in some

situations, such as HIV infection transmitted by sexual contact

from a viremic patient. However, our data reinforce the

evidence that, during HIV replication, the male genital tract is

separate from the plasma, but more studies are needed to

better define the differences existing both in viral replication

and the occurrence of resistance in the two compartments.
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