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Amphetamine use is associated with increased HIV
incidence among men who have sex with men in
San Francisco

Kate Buchacza, Willi McFarlandb, Timothy A.
Kelloggb, Lisa Loebc, Scott D. Holmberga, James
Dilleyc and Jeffrey D. Klausnerb

We examined the association between ampheta-

mine use and HIV incidence for 2991 men who

have sex with men (MSM) who tested anonymously

for HIV in San Francisco. HIV incidence among

290 amphetamine users was 6.3% per year (95% CI

1.9–10.6%), compared with 2.1% per year (95%

CI 1.3–2.9%) among 2701 non-users (RR 3.0, 95%

CI 1.4–6.5). HIV prevention programmes in

San Francisco should include efforts to reduce

amphetamine use and associated high-risk sexual

behaviors.

Amphetamine, and its common derivative methamphe-
tamine (also known as speed or crystal meth), is a
powerfully addictive stimulant drug that can be taken by
mouth, smoked, injected, or taken rectally (‘booty
bumping’). Methamphetamine abuse has significantly
increased across the United States in the past decade, as
evidenced by the increasing numbers of methampheta-
mine laboratory seizures [1] and methamphetamine-
related admissions to emergency rooms in metropolitan
areas [2]. This trend is of particular concern, because the
recreational use of amphetamine has been shown to be
associated with unprotected sexual intercourse and HIV
infection in men who have sex with men (MSM) [3–5].
Whereas unsafe amphetamine injection practices may
directly lead to parenteral HIV transmission, more
common non-injection use may facilitate sexual HIV
transmission, either by enhancing sexual desire, impairing
safer sex decision-making, and predisposing to unpro-
tected sex, or by making the anal mucosa more susceptible
to HIV infection, or both. In a cross-sectional survey of
295 gay and bisexual men from the San Francisco Bay area
who attended a ‘circuit’ party in the previous year, 36%
reported using crystal methamphetamine during a
‘circuit’ weekend [6], and these methamphetamine users
were approximately 2.5 times more likely than non-users
to report unprotected anal sex with a partner of opposite or
unknown HIV serostatus during a ‘circuit’ weekend
[5]. The objectives of our analysis were: (1) to assess the
frequency of recent (in the past year) amphetamine use
among MSM who sought HIV testing at the AIDS
Health Project (AHP), a large network of anonymous HIV
testing sites in San Francisco in 2001 and 2002; (2) to
examine the sociodemographic and behavioral correlates

of amphetamine use; and (3) to evaluate the association
between amphetamine use and HIV seroconversion in
MSM who did not inject any drugs.

The serological testing algorithm for recent HIV
seroconversion (STARHS) was used to identify men
who recently HIV seroconverted (a mean seroconversion
period of 170 days) and estimate the annual HIV
incidence [7]. We analysed demographic and risk factor
data collected by trained counselors on standardized pre-
test HIV counseling forms. The data were collected for
the use of all amphetamines combined. However,
anecdotally, counselors estimated that more than 90%
to nearly all MSM at AHP who use amphetamine are
using methamphetamine. Analyses were restricted to
MSM who had male sex partners in the past year and who
did not inject drugs. Because we found no appreciable
differences in the frequency of reported amphetamine use
or its association with HIV incidence comparing years
2001 and 2002, we analysed 2-year data in aggregate.

The 2991 MSM included in the analysis had a median age
of 34 years; 71% were white, 10% were Hispanic or
Latino, 11% were Asian or Pacific Islanders, and the
remaining 8% were of other race or ethnicity. Forty
percent reported having had 10 or more sex partners in
the past year, and 52% reported engaging in unprotected
anal sex in the past year. Overall, 290 MSM (9.7%)
reported using amphetamine in the past year, and 236
(7.9%) reported having sex while using amphetamine.
Compared with non-users, amphetamine users were
more likely to report either unprotected anal sex in the
past year [odds ratio (OR) 2.3, 95% confidence interval
(CI) 1.8, 3.0] or 10 or more sex partners in the past year
(OR 2.5, 95% CI 2.0, 3.3). In addition, amphetamine
users were more likely to be under 35 years of age
(P < 0.05), but were no more likely to belong to any
racial or ethnic group.

Of 2991 MSM who were HIV tested, 108 (3.6%) were
HIV seropositive, and of these 34 (31%) had evidence
of recent HIV infection by STARHS. Of 34 HIV
seroconverters, eight (24%) had used amphetamine in the
past year. The overall calculated HIV incidence was 2.5%
per year (95% CI 1.5–3.5). HIV incidence among
amphetamine users was 6.3% per year (95% CI 1.9–10.6),
compared with 2.1% per year (95% CI 1.3–2.9) among
non-users (RR 3.0; 95% CI 1.4–6.5); the incidence was
7.7% per year (95% CI 2.4–13.0) among those who had
sex while using amphetamine. After adjusting for age,
race or ethnicity, and the use of other non-injectable
drugs in the past year (barbituates, cocaine, ecstasy,
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heroin, LSD, PCP, poppers and tranquilizers), ampheta-
mine use was still associated, but less strongly, with HIV
seroconversion [odds ratio (OR) 2.4, 95% CI 0.9–6.3].
When we further controlled for the use of marijuana and
alcohol in the past year, reported by 33 and 74% of MSM,
respectively, amphetamine use remained associated with
HIV seroconversion (OR 2.5, 95% CI 0.9–6.9).

We recognize several limitations to our study. First, MSM
who test for HIV at anonymous public HIV testing sites
may not be representative of all MSM, so findings might
not be generalizable to the larger MSM community in
San Francisco and elsewhere. Second, some HIV-
negative men may have tested anonymously more than
once, which would probably underestimate the HIV
incidence rate. Third, individuals may underreport recent
amphetamine use and other risk behaviors during face-
to-face HIV pre-test counseling sessions. The under-
reporting of amphetamine use would probably weaken
the observed association between amphetamine use and
HIV seroconversion. Fourth, we may have failed to
control for some factors that could either confound or
modify the relationship between amphetamine use and
HIV seroconversion, such as, for example, the use of
Viagra (sildenafil citrate), which is often taken con-
currently with amphetamines to enhance sexual per-
formance [8,9]. Finally, STARHS may misclassify some
individuals with long-standing HIV infection who have
low levels of HIVantibodies (often associated with AIDS
or the use of antiretroviral therapy) as recently HIV
infected [7], thus potentially leading to overestimates of
HIV incidence. However, the degree of this bias in our
study is probably small, because HIV seroprevalence
among MSM HIV testers at AHP sites was 3.6%,
suggesting that few had long-standing HIV infection
because few individuals would use anonymous services
for confirmatory testing.

Our finding that recent amphetamine use is associated
with unprotected anal sex and incident HIV infection
among MSM is particularly worrisome because of
anecdotal increases in the use of amphetamines by
MSM in San Francisco in the past few years. The finding
is also corroborated by the reported high prevalence of
sexually transmitted diseases among methamphetamine-
using MSM in the municipal sexually transmitted disease
clinic in San Francisco [10], and a recent epidemic
increase in syphilis among MSM in San Francisco [11].
We recommend that HIV counselors and medical
providers collect detailed behavioral risk histories, and
counsel their clients and patients on the dangers of
amphetamine addiction and on the link between
amphetamine use, high-risk sex practices, and HIV
infection. We also recommend expanding research and
treatment programmes for amphetamine dependence, as
well as launching specific educational campaigns to
prevent HIV infections related to amphetamine use
among MSM in San Francisco.
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HIV-1 chemokine co-receptor CCR5 is expressed
on the surface of human spermatozoa

Barbara Muciacciaa, Fabrizio Padulaa, Loredana
Gandinib, Andrea Lenzib and Mario Stefaninia

Viruses adhering to the sperm surface are described
in the semen of HIV-1-infected individuals,
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although viral adhesion mechanisms have yet to be

fully understood. We demonstrate, by cytometric

analysis and immunofluorescence microscopy, the

presence of b-chemokine receptor 5 (CCR5) on the

periacrosomal region of ejaculated spermatozoa.

CCR5 expressed on the sperm cell surface may

allow sperm to act as virion cellular carriers during

the sexual transmission of HIV-1 infection.

Chemokines belong to the cytokine superfamily and
represent a group of small proteins that, through their
specific receptors, mediate leukocyte traffic in various
tissues and inflammation, thus playing an important role
in many physiological and pathological processes [1]. The
two main subfamilies of chemokines include the a-
chemokines and the b-chemokines [1], whose specific
receptors are classified, respectively, as a and b
chemokine receptors [2].

It has been reported that chemokines are involved in
several human reproductive events [1], including sperm
chemotaxis, ovulation, implantation and menstruation
[3]. More recently, it has been demonstrated that human
spermatozoa contain messenger RNA coding for the
b-chemokine receptors 1 and 5 (CCR1 and CCR5) that
bind the b chemokine ‘regulated upon activation of
normal T cells expressed and secreted’ (RANTES), and
that RANTES has a chemotactic effect on human sperm
[4].

HIV-1 uses chemokine co-receptors for cell entry, and
CCR5 is the main co-receptor used by macrophage-
tropic viral strains, which are those most commonly
involved in the sexual transmission of HIV-1 infection
[2].

During HIV-1 infection, the virus may be present in the
semen as cell-free virions in the seminal fluid, within
infected leukocytes or carried by sperm cells [5].
Molecular mechanisms involved in the viral adhesion
to the sperm surface remain to be fully understood,
because the presence of CD4 cells on the membrane
of spermatozoa remains a matter of debate [6]. No
chemokine co-receptor has yet been reported to be
expressed on the surface of ejaculated human sperma-
tozoa.

We report data demonstrating the presence of a high level
of CCR5 protein on the periacrosomal region of
ejaculated spermatozoa.

Bycytometric analysis, using a specificprimaryanti-CCR5
monoclonal antibody (R&D Systems, Minneapolis, MN,
USA) and phycoerythrin-conjugated secondary mono-
clonal antibody, we demonstrated the presence of CCR5
on the surface of unfixed freshly isolated sperm cells.
CCR5 protein was detected in 20 of the 22 healthy
subjects studied (91%).

Different CCR5 expression patterns were observed, with
all sperm cells expressing CCR5 in four subjects (Fig. 1a)
and two sperm populations, either negative or positive for
CCR5, in the remaining 16 subjects. The purity of the
sperm fractions analysed was demonstrated by their
haploid DNA content, measured using the DNA binding
dye propidium iodine [7].
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Fig. 1. Presence and localization in the periacrosomal region
of b-chemokine receptors 5 on ejaculated spermatozoa. (a)
Detected by cytometric analysis and (b) immunofluorescence
microscopy, stained with anti-human b-chemokine receptors
5 (CCR5) and revealed by secondary FITC-conjugated anti-
body; (c) phase microscopy of the same field.



The fluorescence signal for the CCR5 antigen was higher
in sperm cells than in freshly isolated peripheral blood
mononuclear cells from healthy donors, used as positive
controls (data not shown), and ranged from 5 to 50 times
above its isotype control, thus demonstrating that CCR5
is strongly expressed on the plasma membrane of
ejaculated spermatozoa and finely regulated during
spermiogenesis.

The cellular location of the CCR5 protein, evaluated by
immunofluorescence, showed a strong fluorescent signal
on the surface of the sperm head corresponding to the
periacrosomal region of the cells (Fig. 1b,c). As regards
the amount of positive cells, immunofluorescence
microscopy observations confirmed the results obtained
by flow cytometric analysis. These data provide a solid
ground for the possible involvement of the b-chemokine
receptor system in human sperm physiology.

Preliminary genotyping data suggest that the lackof CCR5
expression in the sperm plasma membrane could be related
to sperm haplotypes mutated for the CCR5 gene. In
individuals who are heterozygous for a specific gene, the
segregation of the alleles that occur in haploid germ cells
may entail the production of two genetically different
sperm cell populations that can be revealed as two different
expression profiles by cytometric analysis [8].

The presence of CCR5 on the sperm membrane suggests
that, in the male genital tract, HIV-1 might interact with
spermatozoa through this receptor, either alone or in
association with other molecules [9]. The presence of a
surface galactoglycolipid, galactosyl-alkyl-acylglycerol,
structurally related to galactosylceramide and capable of
specifically binding the gp120 has been reported on the
sperm membrane [10]. In addition, modes of HIV
adhesion to spermatozoa using receptors other than
CD4 cells have been suggested [11]. CCR5 expressed on
the sperm cell surface may represent the molecular
machinery of sperm–virus interaction, thereby shedding
light on how spermatozoa act as cellular carriers of virions
during the sexual transmission of HIV-1 infection [12].

Binding inhibition experiments with anti-human CCR5
antibodies may shed further light on the physiological role
of CCR5 in sperm chemotaxis as well as on the role of
sperm as an HIV-1 cellular carrier.
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Identification of unique B/C recombinant strains of
HIV-1 in the southern state of Karnataka, India

Nagadenahalli Byrareddy Siddappaa,b, Prashanta
Kumar Dasha, Anita Mahadevanc, Anita Desaib,
Narayana Jayasuryane, Vasanthapuram Ravib,
Parthasarathy Satishchandrad, Susarla K. Shankarc

and Udaykumar Rangaa

We characterized the molecular nature of a large
number of primary HIV-1 isolates in the four
southern states of India. In addition to confirming
a predominance of subtype C infection, for the first
time we identified three B/C recombinant viruses
in a subset of 115 samples. Unexpectedly, env
sequences of two of the three B/C recombinants
phylogenetically clustered with subtype B strains of
the USA. The determination of the real incidence
of the recombinant viruses is of importance.

On the basis of genetic differences, HIV-1 is classified
into several subtypes [1]. Globally, subtype C strains of
HIV-1 cause 56% of infections and are seen in the most
populous nations including India, China, sub-Saharan
Africa and Brazil [2]. It is not known if subtype C viruses
are endowed with unique biological properties that
make them successful in establishing rapidly growing
epidemics. With an estimated 5.1 million infections
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(National AIDS Control Organization, http://www.
naco.nic.in), second only to South Africa, India harbours
the largest number of HIV-1 infections in the world [3].
Three of the five fastest growing epidemics of India are
located in the southern states of Andhra Pradesh,
Karnataka and Tamilnadu, where the infection
incidence in antenatal clinics was above 1% in 2003
(NACO, India). Studies of viral molecular subtyping in
India are few, used small sample numbers and were
confined to urban locales [4–6]. Using a recently
developed subtype-specific polymerase chain reaction
(C-PCR) that differentially identifies subtype C viruses,
we previously detected the presence of one each of A, B
and B/C recombinant viruses [7]. To validate our findings
further, in the present study, we evaluated a larger number
of samples from all the four southern states of India. We
demonstrate the identification of two B/C recombinant
viruses that are unique in containing env sequences that
closely associated with subtype B viruses of north
America and Europe.

A total of 352 peripheral blood samples were collected
from HIV-seropositive volunteers (195 men, mean age
35.5 years, range 17–60; 124 women, mean age
28.6 years, range 16–60; 22 subjects below 15 years of
age; in the rest details were not recorded). Study subjects,
representing a heterogeneous community of social and
demographic groups, were voluntary participants under
the care of several government hospitals, private clinics,
and referral centres dedicated to the service of HIV/
AIDS, in the southern states of Karnataka, Tamilnadu,
Andhra Pradesh and Kerala.

Most of the blood samples were collected over a period
of 4 years (2001–2004), after informed consent, in
ethylenediamine tetraacetic acid vacutainers (Beckton
Dickinson, San Diego, CA, USA) from individuals who
were identified to be HIV seropositive by multiple
enzyme-linked immunosorbent assays or Western blots.
The study was performed under the approval of the
institutional biosafety and ethics committees at the
participating institutions. Genomic DNA was extracted
directly from the peripheral blood and subjected to
amplification as described previously [7]. The clinical
profiles of all the subjects are summarized in Table 1
(supplementary data, online access at http://www.jncas-
r.ac.in./uday/Supplimantary_data/AIDS/aids.html).

Of a total of 608 primary infections (352 from the present
study and 256 from a previous one from our laboratory),
602 strains (99%) were identified to be subtype C in long-
term repeat (LTR) by C-PCR. A subset of 115 randomly
selected samples from this cohort was further evaluated by
heteroduplex mobility assay (HMA) or env sequencing to
confirm the C-PCR analysis and also to identify the
presence of additional recombinants, if any. The present
analysis identified one additional subtype A and two more
B/C recombinant viruses. Sequence analysis of the

recombinants identified that all three viruses were subtype
C in LTR (Fig. 1b) and subtype B in env (Fig. 1c). The
three male subjects, from whom the recombinants were
identified, hailed from different towns in the state of
Karnataka (Shimoga, Mysore and Bangalore) and were
not related to one another. None of the subjects used
intravenous drugs; however, all three indulged in high-
risk sexual behaviour.

Phylogenetic analysis of the recombinants disclosed that
the env sequences of two of the viruses (04/365 and 045/
294) were closely related to the standard subtype B strains
prevalent in north America and Europe (Fig. 1c).
Considering that most of the previously reported B/C
recombinants from other parts of the globe contained
sequences of Thai B, but not of standard subtype B,
and that the individuals had not reportedly traveled
abroad, the identification of these B/C recombinants
attains importance, suggesting an internal origin of
these recombinants and a possible circulation of these
recombinants within the population. The env sequence of
the third sample (A8/02) clustered with Thai B viruses
found in the north-eastern states of India and neighbour-
ing China [8,9] and Myanmar [10,11]. In a BLAST
analysis, all three env sequences differed from one another
and from the closest subtype B reference strains by a large
number of residues, ruling out the possibility of a
laboratory contamination.

The presence of subtype B strains related to north
American and European viruses has previously been
documented from India in a minority of cases [12,13].
Despite the small numbers, these subtype B viruses could
be the source of the B/C recombinants we identified in
the present study. Importantly, of the total 608 samples,
our analysis for recombinants included a subset of only
115 samples, suggesting that there could be more such
recombinants in our cohort and in the population. An
earlier publication from India reported a single A/C
recombinant virus [14]. Our report is not only the first to
document B/C recombinants of HIV-1 in India, but, to
the best of our knowledge, is the first to identify B/C
recombinants containing env sequences of subtype B
viruses of the USA and Europe.

The data we present here allude to the presence of
significant numbers of recombinants circulating in India.
Studying the transmission pattern of HIV-1 in a popula-
tion or a geographical locale is critical for understanding
the changing dynamics of subtype incidence and dis-
tribution as a function of time. Recombination between
different subtypes could significantly influence viral
dissemination by increasing genetic diversity and mod-
ulating pathogenic properties [15]. The emergence of
new recombinants could also complicate the develop-
ment of effective intervention strategies and their
implementation. A molecular epidemiological study on
larger numbers of samples from different parts of the
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country is urgently warranted to determine the real
incidence of B/C infection and to verify whether a new
epidemic of B/C recombinants is emerging in India. It is
also important to determine the original source of these
recombinants, and whether they possess unique bio-
logical properties.

An independent study from India recently identified the
presence of B/C recombinants of HIV-1 from the north-
eastern regions of the country containing env of Thai B
(Tripathy SP et al. AIDS Research and Human Retro-
viruses, 21, 151–157).
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Fig. 1. Epidemiological characterization of HIV-1 molecular subtypes circulating in southern India. (a) Geographical distribution
of various rural and urban towns and cities of southern India from where the clinical samples were collected. All the four southern
Indian states from where a larger fraction of the clinical samples were isolated are shaded. The urban centres of the states are
indicated by stars, and the towns and cities are indicated by triangles. Two subtype A strains are indicated by open circles and the
single subtype B strain is indicated by the filled circle. The three B/C recombinants identified here are indicated by half-filled
circles. Note that mapping of a total number of 608 primary infections here includes 265 subjects reported previously [7] and 352
additional samples of the present study. The samples were collected from more than 66 different centres. The phylogenetic
relationship of the three recombinants with reference strains are shown in (b) long-term repeat (LTR) and (c) env genes. The LTR tree
is based on 190 sites that remained after gap stripping of the sequence between 334 and 601 sites of HXB2 molecular clone
(accession number K03455), consisting of the important regulatory elements in U3 and complete R. The env tree is based on 204
sites that remained after gap stripping of the sequence between 7067 and 7398, consisting of the regions C2–V5, amplified using
primers ES7 and ES8 (heteroduplex mobility assay kit supplied by the AIDS Research and Reference Reagent Programme, National
Institutes of Health). The phylogenetic trees were constructed using the neighbour-joining method. Values at the nodes indicate the
percentage bootstrap values supporting the cluster pattern to the right. Bootstrap values of 80% or higher are shown. The identified
subtype lineages of the recombinants are shaded. The Indian B/C strains and the newly identified subtype A strain are shown in
bold. The horizontal scale represents genetic relatedness. The env sequences of the B/C recombinants and one subtype A virus
have been submitted to Genbank and the accession numbers are AY822651–AY822654. The LTR sequences of the three B/C
recombinants are available under the accession numbers AY567485, AY822655 and AY822656.
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Increased HIV incidence among men who have sex
with men in Rome

Massimo Giuliania,b, Aldo Di Carlob, Guido Palamarab,
Maria Dorruccia, Alessandra Latinib, Grazia Prignanoc,
Francesca Stivalic and Giovanni Rezzaa

Among 976 men who have sex with men (MSM)
who had undergone repeat HIV testing between

1984 and 2003 at a sexually transmitted infection

clinic in Rome, Italy, we observed a dramatic

increase in HIV incidence in 2002 and 2003, with

the cumulative incidence for 2000–2003 being

twice as high as that for 1984–1995, and signifi-

cantly higher than that for 1996–1999. This trend

suggests the need for interventions aimed at

encouraging behavioural changes among MSM.

Several studies have reported substantial increases in the
incidence of early syphilis and gonorrhoea among men
who have sex with men (MSM) in Europe and north
America [1,2], indicating that there has been an increase
in at-risk behaviour for sexually transmitted infections
(STI) in this population group. This has been confirmed
by reports that MSM have been increasingly adopting
behaviours at risk for HIV infection, leading to an
increase in the incidence of HIV [3,4]. At the STI clinic of
the San Gallicano Institute in Rome, Italy, the city’s
largest STI clinic, we observed that the number of syphilis
diagnoses among MSM has dramatically increased since
2001 [5], leading us to evaluate the recent trends in the
incidence of HIV infection among non drug-using MSM
attending this clinic.

The incidence survey was conducted as a retrospective
longitudinal study among individuals who in the past
20 years have undergone HIV testing more than once
at the STI clinic. Since 1984, all MSM who attended
the clinic and were tested within the preceding 6 months
have been routinely offered HIV counseling and testing.
Of over 1200 HIV tests performed annually, approxi-
mately 25.0% are performed for MSM. To identify all
MSM repeatedly tested for HIV antibodies between
June 1984 and December 2003, computerized medi-
cal records were systematically reviewed, and all indi-
viduals whose first test result was negative and who were
re-tested at least once during the study period were
selected.

Seroconverters were defined as those individuals with a
negative HIV test followed by an HIV-positive test within
the study period. The diagnosis of HIV infection was
performed by an enzyme-linked immunosorbent assay
and confirmed using a Western blot.

According to the methods applied in a previous similar
study [6], HIV incidence was estimated by dividing the
number of seroconversions by the number of person-years
(py) of follow-up, and was expressed as the number of
newly acquired infections per 100 py. A Poisson
distribution was used to estimate 95% confidence
intervals (CI) of incidence rates.

The person-years of follow-up were calculated as the sum
of the intervals of the time between the first recorded
HIV-negative test and the last test, whether positive or
negative.
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To determine HIV incidence by calendar year and to
describe temporal trends, we assumed the year of the first
HIV-positive test as the year of seroconvertion, and
annual incidence rates were calculated by dividing the
number of seroconvertions observed in a calendar year by
the person-years calculated for the same year.

Overall, 976 MSM were included in the study and
followed for a total of 4621 py. During the study period,
125 individuals seroconverted. The median of follow-up
time was similar when comparing seroconverters with
individuals who were persistently HIV negative (4.8
versus 4.6 years, respectively). The mean of HIV repeated
tests was 5.2 (� 3.6) for seroconverters and 4.2 (� 4.0) for
persistently HIV-negative individuals. The median age at
first test was 29 years (range 16–62) for seroconverters
and 32 years (range 13–79) years for non-seroconverters.
The cumulative incidence was 2.70 per 100 py (95% CI
2.47–3.54). The median of the seroconversion interval
was 1.6 years (interquartile interval 25%, 0.7, 75%, 4.9);
non-significant changes were observed among the
seroconversion intervals over time, particularly during
the last years of the study.

Between 1985 and 1996, the annual incidence peaked
and then decreased greatly every 5 years (Fig. 1). After
1996, however, the annual incidence showed a slightly
different pattern. After a progressive decrease in 1997 and
1998, a new peak was observed in 1999, followed by only
a slight decrease in 2000 and 2001. After this, the
incidence rapidly increased, reaching 5.48 in 2002 and
11.90 in 2003 (Fig. 1). Poisson regression analysis showed
a statistically significant increase in HIV cumulative
incidence in the period 2000–2003, compared with the
period 1984–1995 (incidence rate ratio 2.20, P < 0.001;
Table 1). The observed increase was also confirmed after
adjusting for age (data not shown).

Our findings are consistent with data from other
longitudinal studies among MSM in north America

and Europe [7–9] and with recent data provided by
surveillance systems in the United Kingdom [10] and the
United States [11]. The increase in HIV incidence
suggests that since 1996 there have been dramatic changes
in at-risk sexual behaviour among MSM in Rome. This
is also confirmed by the significant increase in the
occurrence of infectious syphilis observed among MSM
attending our centre between 2001 and 2003 [5].
However, in interpreting the results of this study, it
should be considered that they cannot necessarily be
generalized to all MSM living in Rome, especially those
who do not undergo HIV testing, and that repeat testers
may differ from those who do not repeat the test.

The results of the study stress the need for continued
surveillance of HIV infection among MSM, and for
additional analyses for evaluating the determinants of the
observed increase in incidence. Moreover, the recent
increase in HIV incidence emphasizes the need to
maximize efforts aimed at encouraging MSM to make
behavioural changes.
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bSTI/HIV Clinic, and cLaboratory of Clinical Pathology
and Microbiology, Istituto Dermatologico, San
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2003).
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1996–1999 2.82 1.98–4.01 1.25 0.31
2000–2003 4.97 3.52–7.03 2.20 < 0.001

CI, Confidence interval; IR, incidence rate; IRR, incidence rate ratio
(Poisson regression model).
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Concealment of HIV and unsafe sex with steady
partner is extremely infrequent

Bruno Spirea, Anne-Déborah Bouhnika, Yolande
Obadiaa, France Lertb and the VESPA study group
(ANRS-EN12-VESPA)

In France, in January 2005, a heterosexual male, who had
hidden his positive status from his steady female partner
and transmitted HIV to her, was sentenced to prison. As
in other western countries, prison sentences against
individuals who hid their positive status from their steady
partner and transmitted HIV to him/her, have generated
huge controversy concerning the acceptability of defining
HIV transmission as a specific offence [1–3]. In such
prosecutions, those professionals and activists who are
committed to the fight against AIDS see a threat to the
principle of shared responsibility, which has been
acknowledged as an effective prevention strategy since
the earlier AIDS era [4]. People living with HIV AIDS
(PLWHA) would have to bear the burden of prevention
alone and HIV-positive status would be associated with a
possible penal sentence. It also may increase stigma and
discrimination against PLWHA.

In France, the proportion of PLWHA at risk of
transmitting the virus to their uninformed steady partner
could be estimated from data of the ANRS-EN12-
VESPA study, carried out among a national representative
sample of PLWHA in 2003. As universal free-of-charge
access to HIV care exists in France, this survey was
conducted within hospital departments delivering HIV
care. A random sample of 2932 PLWHAs, recruited in
102 French hospital departments delivering HIV care was
set up. Eligible subjects were outpatients diagnosed as
being HIV1-infected for at least 6 months, aged 18 years
or older, and living in France for at least 6 months. The
sample was stratified on HIV regional prevalence and on
the number of HIV patients followed in each hospital

department. It included individuals randomly selected
from all patients attending their scheduled visit. The
sample was weighted by the inverse of the annual number
of visits to the clinic by the patients in order to minimize
the bias due to over-representation of those PLWHAs
who attend outpatient clinics more frequently.

Medical information was obtained from patients’ medical
records. Participants answered a face-to-face question-
naire about a range of social conditions, their lifestyle and
sexual behaviour. Responses were kept anonymous and
confidential from their attending health care workers.

Participants documented the existence of steady and
casual partners and their condom use in both types of
partnership. Regarding their current steady partnership,
they were asked about relationship duration, disclosure of
their HIV-positive status to their partner and their
partner’s own HIV status.

For the 2932 patients the median age was 43 years, 72%
were males and 21% were born outside France. Forty
percent were infected through male-to-male sex, 17%
through injecting drug use, 37% had acquired HIV
infection heterosexually and 6% by other means. The
median year in which diagnosis took place was 1993
[interquartile range (IQR),1989–2003]. The median
CD4 cell count at data collection was 438 � 106 cells/l
(IQR, 283–626); 85% were treated with antiretrovirals
and 66% had a viral load < 400 copies/ml. In the
preceding 12-month period, 38% had casual partners for
whom 24% did not report systematic use of condoms.

Figure 1 shows that 44% had no steady partner at the time
of data collection; 14% had a HIV-positive steady partner,
39% were in a steady partnership with a HIV-negative or
unknown status partner aware of the patient’s HIV-
positive status. Of this 39%, 30% reported systematic
condom use. Only 3% of the total sample did not disclose
their HIV status to their steady partner; 2% of these
reported using condoms consistently and 1% did not.
Overall, among patients inconsistently using condoms
with their steady partner, the most frequently reported
reasons were a shared decision (61%), and/or a partner’s
decision (43%). Among the subgroup of patients with a
negative or unknown status steady partner (42% of the
total sample), a logistic regression model was performed
in order to compare patients who conceal their
seropositivity from their partner with those who did
not. Several independent predictors of concealment of
seropositivity were identified: birth abroad [adjusted odds
ratio (AOR), 3.0; 95% confidence interval (95% CI),
1.7–5.3], female gender (AOR, 2.0; 95% CI, 1.1–3.7),
age over 50 years (AOR, 3.8; 95% CI, 1.8–7.7), length of
the stable relationship lower than 5 years (AOR, 3.3; 95%
CI, 1.8–6.2), existence of casual partners in the last 12
month period (AOR, 2.9; 95% CI, 1.5–5.3) and date of
HIV diagnosis after 1996 (AOR, 2.0; 95% CI, 1.1–3.4).
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This survey in a representative sample of the whole HIV-
infected French population indicates that few PLWHA
keep their infection hidden from their steady partner and
fewer expose him/her sexually to HIV transmission
without his/her knowledge. Such rare situations are more
likely in recent partnerships, among women, among older
people and sub-groups whose cultural background might
act as barriers to disclosure and to condom use [5,6].

We acknowledge that this study shares with many others
some of the general methodological problems related to
sexual risk behaviour assessment based on patients’
declarations, which may be affected by social desirability
bias. However, several studies have shown that such
methods have a strong reliability and they have been
widely used in several countries [7]. Moreover, there is no
alternative way to collect information related to patient’s
behaviour.

The results of this survey show that making deliberate
HIV transmission a legal offence would be counter-
productive from a public health point of view while
potentially leading to label any HIV-infected person as a
potential criminal. High-risk behaviour with full knowl-
edge is often adopted due to discouragement and
lassitude. Honest dialogue between partners would be
even more difficult, thereby putting the established
strategies of effective prevention at risk. In the highly
active antiretroviral therapy era, our findings underline
the need to support couples facing HIV infection in
sustaining their preventive behaviour and to develop new
preventive methods, such as microbicides [8].
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Low incidence of hepatotoxicity in a cohort of HIV
patients treated with lopinavir/ritonavir

Paolo Bonfantia, Elena Riccia, Giovanni Pencob,
Giancarlo Orofinoc, Teresa Binid, Claudio Sfarae,
Sebastiano Miccolisf, Giovanni Cristinag and Tiziana
Quirinoh for the CISAI Study Group

We describe the hepatotoxicity encountered in a
cohort of HIV-positive patients treated with lopi-
navir/ritonavir. We used the database from the
SCOLTA project, an on-line pharmacovigilance
programme involving 25 Italian infectious disease
centres. A total of 755 patients were followed, over
a mean observation period of 16 months. The
incidence of severe events was low despite the high
prevalence of patients co-infected with hepatitis
virus at enrolment.

Hepatotoxicity has always been one of the most serious
adverse reactions to highly active antiretroviral therapy,
often making it necessary to stop the treatment and even,
fortunately rarely, putting the patient’s life at risk [1,2].
This is an important consideration in the Italian
population in which the prevalence of HIV-positive
patients with chronic viral hepatitis [hepatitis C virus
(HCV) and hepatitis B virus] reaches 50% [3], and these
individuals have a greater risk of hepatic toxicity [4].

All the families of antiretroviral drugs have this drawback.
If one had to list the drug groups in order of their hepatic
toxicity, the non-nucleosidic reverse transcriptase inhibi-
tors (nevirapine and efavirenz) are the most risky classes,
followed by the protease inhibitors and the reverse
transcriptase inhibitors [5]. Lopinavir/ritonavir is at
present the most widely used protease inhibitor, with
confirmed efficacy. The incidence of severe hepatotoxi-
city in patients given this drug ranges in different studies
from 2 to 11% [6–8].

The present study investigated the incidence of severe
hepatic toxicity in a cohort of patients treated with
lopinavir/ritonavir, using data obtained in the SCOLTA
(Surveillance COhort Long-term Toxicity Antiretrovir-
als) project. This is an on-line reporting system for adverse
reactions to antiretroviral drugs, designed by the CISAI
(Coordinamento Italiano per lo Studio Allergia e
Infezione da HIV; Italian coordination for the study of
allergy and HIV infection) group. It originated as a
pharmacovigilance system for newly introduced drugs,
and as a sentinel scheme for unexpected or late adverse
reactions arising during any antiretroviral treatment. It
works through the internet site www.cisai.info and
involves 25 Italian infectious disease centres. Cohorts of

patients are established for each new drug as it comes onto
the market, and these patients are followed prospectively.
Data collection and follow-up procedures for the cohorts
are described elsewhere [9].

We only analysed grade III and IVevents, using the AIDS
Clinical Trial Group scale [10]. A total of 755 patients
were enrolled; Table 1 summarizes their main features. A
large proportion (44.4%) had co-infection with hepatitis
viruses. The mean observation period was 16.7 months
(� 9.6 SD). The incidence of adverse reactions was 11.0
[95% confidence interval (CI) 10.8–11.2] events per 100
person-years; the incidence was lower in previously
untreated (naive) patients than those who had already
received treatment, respectively 7.0 (95% CI 6.6–7.4)
and 11.9 (95% CI 11.6–12.1). Metabolic adverse events
were the most common, with an incidence of 5.4 (95%
CI 5.2–5.5).

Hepatic toxicity was not frequent, at 0.59 (95% CI
0.54–0.63) events per 100 person-years for the whole
series, 0.54 (95% CI 0.43–0.64) in naive patients, and
0.48 (95% CI 0.43–0.53) in ‘experienced’ patients. Only
one severe event was recorded among naive patients,

Research Letters 1433

Table 1. Patients’ characteristics at enrolment.

Characteristic
Naive

No. (%)
Experienced

No. (%)
Total

No. (%)

Sex
Male 115 (74.2) 436 (72.7) 551 (73.0)
Female 40 (25.8) 164 (27.3) 204 (27.0)

Age (years)
18–34 34 (21.9) 116 (19.3) 150 (19.9)
35–44 74 (47.7) 354 (59.0) 428 (56.7)
� 45 47 (30.3) 130 (21.7) 177 (23.4)

Risk factor
Drug user 29 (18.7) 276 (46.0) 305 (40.4)
Heterosexual 76 (49.0) 182 (30.3) 258 (34.2)
Homosexual 37 (23.9) 109 (18.2) 146 (19.3)
Transfusion 1 (0.7) 10 (1.7) 11 (1.5)
Missing data 12 (7.7) 23 (3.8) 35 (4.6)

CDC stage
Non-AIDS 92 (59.3) 375 (62.5) 467 (61.8)
AIDS 63 (40.7) 225 (37.5) 288 (38.2)

CD4 cell count (cells/mm3)
< 200 116 (74.8) 232 (38.7) 348 (46.1)
200–499 31 (20.0) 277 (46.2) 308 (40.8)
� 500 8 (5.2) 91 (15.2) 99 (13.1)

HIV-RNA (log copies/ml)
Undetectable 0 (0.0) 364 (60.1) 364 (48.2)
Detectable 155 (100.0) 236 (39.3) 391 (51.8)

HCV-positive
Yes 36 (23.2) 268 (44.7) 304 (40.3)
No 105 (67.7) 295 (49.2) 400 (53.0)
Unknown 14 (9.0) 37 (6.2) 51 (6.7)

HBsAg-positive
Yes 10 (6.4) 43 (7.2) 53 (7.0)
No 132 (85.2) 520 (86.7) 652 (86.5)
Unknown 13 (8.4) 37 (6.2) 50 (6.5)

HBV–HCV co-infection 4 (2.6) 18 (3.0) 22 (2.9)

HBV, Hepatitis B virus; HBsAg, hepatitis B surface antigen; HCV,
hepatitis C virus.

http://www.cisai.info/


compared with four in the experienced group. Four of
these five patients had HCV co-infection. Two events
arose after one month of treatment and the other three
after a year, confirming the multifaceted mechanisms
causing this toxicity. In all these cases the treatment had to
be stopped, and the patients regressed.

To the best of our knowledge, this study comprises the
biggest series to date of patients treated with lopinavir/
ritonavir and followed prospectively outside clinical trials.
In addition, this HIV-positive population had a high
prevalence of co-infection with hepatitis viruses.

The frequency of hepatotoxicity was actually low, unlike
in other studies. This might partly be the result of
methodological differences, reflecting how the data were
collected. Retrospective studies can suffer major selection
bias. Gonzalez-Requena et al. [11] also reported a low
incidence of adverse events, but their case series was small
and was followed up for not more than one year.

In conclusion, the present study found that lopinavir/
ritonavir caused only limited hepatic toxicity in this
population of HIV-positive patients with a high pre-
valence of co-infection with hepatitis B virus or HCV.
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Premature sister chromatid separation in
HIV-1-infected peripheral blood lymphocytes

Mari Shimuraa, Kenzo Tokunagab, Mitsuru Konishic,
Yuko Satod, Chizuko Kobayashie, Tetsutaro Satab and
Yukihito Ishizakaa

To investigate the mechanism of aneuploidy that is
frequently observed in AIDS, we examined pre-
mature sister chromatid separation (PCS), a sign of
genomic instability, in peripheral blood cells of
HIV-1-infected individuals. PCS was found in all
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six HIV-1 individuals at a high incidence. When

peripheral blood cells from healthy volunteers were

infected with HIV-1 in vitro, the incidence of PCS

increased. This suggests that HIV-1 infection causes

PCS and has the potential to induce aneuploidy.

Malignancy in HIV infection influences the prognosis of
AIDS patients. These neoplasms are the result of various
diseases that accompany immunodeficiency, such as co-
infections with Epstein–Barr virus or human herpes virus

8 [1–4]. Besides these AIDS-defining cancers, several non-
AIDS-defining cancers also occur at a higher incidence in
HIV-infected individuals [5–9]. Moreover, it has been
reported that HIV-1 itself is tumorigenic in immortalized
B cells in nude mice [10,11]. These reports lead to the
hypothesis that HIV-1 has the potential to induce
neoplasms before AIDS develops.

Aneuploidy is a phenomenon of chromosome instability
that is frequently reported in HIV-1-infected individuals
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Fig. 1. Metaphase spreads of blood cells in HIV-1 infection. (a) Representative metaphase spreads of peripheral blood cells from
HIV-1-infected individuals (b, c, d, e, and f are from cases nos. P-1, 2, 4, 5, and 6, respectively, see Fig. 1b). (a). (b) Frequency of
premature sister chromatid separation (PCS). The frequency of PCS (black bar), and number of HIV-1 messenger RNA copies and
total white blood cells (WBC) are shown. (c) Metaphase spreads of peripheral blood mononuclear cells (PBMC) from healthy
volunteers. Representative metaphase spreads of PBMC from healthy volunteers with (a/þ, b/þ, and c/þ) or without (a, b, and c)
vesicular stomatitis virus G protein (VSV-G)-pseudotyped HIV-1 infection are shown. (d) Aneuploidy in HIV-1-infected cells.
Metaphase spreads from P-1, P-6 and from PBMC with VSV-G-pseudotyped HIV-1 infection were positive for aneuploidy with
numbers of chromosomes of 85, 75 and 65, respectively. The scale bar represents 5 mm.



[12–14]. One of the major factors accelerating aneu-
ploidy is thought to be abnormal chromatid separation
[15–17]. At metaphase, paired sister chromatids are
folded at the centric region until the onset of anaphase
[18–22]. If the attachment of the sister chromatids is
abolished before the onset of anaphase, premature sister
chromatid separation (PCS) occurs. Subsequently,
chromosome mis-segregation is induced, often resulting
in aneuploidy [16,17]. PCS has been found in several
clinical conditions, including aging, familial dominant
inheritance [23–25], Roberts syndrome [26,27], cancer-
prone syndrome mosaic variegated aneuploidy [28,29]
and general tumours [30,31]. Note that all of these cases
of PCS are associated with aneuploidy, indicating that a
high PCS rate is a sign of chromosome instability. To
investigate the cellular mechanism of HIV-1-related
aneuploidy, we examined PCS in peripheral blood cells of
HIV-1-infected individuals.

Peripheral blood was collected in sodium heparin
(20 U/ml) from HIV-1-infected patients or healthy

volunteers. We added 0.5 ml whole blood to 9.5 ml
RPMI-1640 growth medium containing 10% fetal
calf serum and 2% phytohemagglutinin M-form, and
incubated it for 82 h at 378C. Then colcemid (30 ng/ml)
was treated for 2 h at 378C. Recovered cells were
resuspended in 75 mM potassium chloride and incubated
for exactly 15 min at 378C. To the cell suspension, freshly
prepared Carnoy’s solution (methanol : glacial acetic
acid ¼ 3 : 1) was added and mixed gently. After three
changes of Carnoy’s solution, a drop of the cell suspension
was placed on a slide and air dried. Subsequently, the
metaphase spread was stained with Giemsa.

Surprisingly, the HIV-1 patients examined showed PCS
at high frequencies of 2.1 to 9.0% (mean � standard
deviation; 5.36 � 2.92%; Fig. 1a, panels b–f and Fig. 1b).
A high incidence of PCS was observed in HIV-1-infected
individuals with high viral RNA copy numbers (Fig. 1b),
in which total PCS was often observed (patient case no. 1
and no. 6; panels b and f). By contrast, peripheral blood
mononuclear cells (PBMC) from healthy volunteers

1436 AIDS 2005, Vol 19 No 13

Fig. 1. (continued)



showed normal attachments at the centromere (Fig. 1a,
panel a), and PCS was detected in less than 2%
(1.22 � 0.48%).

We next clarified whether the PCS was attributable to
HIV-1 infection. The PBMC (1.5 � 106) [32] were
infected with vesicular stomatitis virus G protein
(VSV-G)-pseudotyped HIV-1 [33] at the concentration
of 2 ng/ml of p24 Gag antigen of pseudotyped virus
(multiplicity of infection at 0.007). They were incubated
for 82 h in the presence of 2% phytohemagglutinin
M-form, and metaphase spread was analysed as described
above. All of the specimens from three volunteers showed
an increased incidence of PCS after HIV-1 infection (Fig.
1c, lower panels), whereas PCS was barely detectable
without infection (Fig. 1c, upper panels). The frequencies
of PCS after HIV-1 infection in the three samples were
8.40 � 1.09, 5.28 � 1.40, and 7.34 � 1.67, whereas
the frequencies without infection were 1.26 � 0.40,
0.72 � 0.22, and 1.68 � 0.86, respectively. Our present
data suggest that HIV-1 infection is a primary factor
inducing PCS.

In the patients’ case, the frequency of PCS was positively
correlated with the reduction in total white blood
cells (Pearson product–moment correlation coeffi-
cient r ¼ 0.837, P < 0.01; Fig. 1b) rather than CD4
positive lymphocytes (r ¼ 0.011, P > 0.05). Although
VSV-G-pseudotyped HIV-1 was infected to PBMC at a
multiplicity of infection of 0.007 (0.7%), the average
incidence of PCS with HIV-1 infection exceeded 7%.
Taken together with the information that pseudotyped
HIV-1 induces a single round of infection, these data
suggest that PCS occurs not only in response to the
infection itself but also as a result of the effects of other
virus products or cellular proteins stimulated by HIV-1
infection.

Simultaneously, we found aneuploidy in hyperploid cells
of HIV-1-infected individuals who had high viral loads
and high PCS frequency (Fig. 1b and Fig. 1d, left and
middle panels). We also found aneuploidy in PBMC with
HIV-1 infection in vitro (Fig. 1d, right panel). By contrast,
aneuploidy was not found in control PBMC. Although it
remains to be determined whether PCS is directly related
to neoplasms in AIDS, we speculate that a high incidence
of PCS and constitutive virus infection augment the
susceptibility of the cells to aneuploidy and may play
a critical role in the development of AIDS-related
neoplasms. It will be important to track the epidemio-
logical and biological features of the incidence of PCS in
HIV-1 infection.
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