
Objectives: To estimate the relative efficiency of transmis-
sion of different HIV-1 drug-resistance mutations from
patients failing treatment, considered as potential trans-
mitters (PTs), to seroconverters (SCs).
Design: Ecological cross-sectional study.
Methods: HIV-1 protease and reverse transcriptase (RT)
sequence data, obtained from 155 SCs and 2,690 PTs at
the Department of Molecular Biology of the University of
Siena, Italy, in the period 1997–2004 were used. The effi-
ciency of transmission was studied by odds ratio (OR)
analysis and evaluation of 95% confidence intervals (95%
CIs). For mutations not detected in viruses from SCs, a
binomial probability model was used, assuming P-values
<0.05 as indicative of a negative selection at transmission.
Results: The overall prevalence of drug mutations associ-
ated with nucleoside reverse transcriptase inhibitors
(NRTIs), non-NRTIs (NNRTIs) and protease inhibitors (PIs)
was 13.2%, 4.6% and 2.0% in SCs, and 69.9%, 27.6% and

33.7% in PTs, respectively. Among RT mutations present
both in PTs and SCs, M184I/V and T215F/Y had the
lowest relative efficiency of transmission, whereas
V118I, Y181C/I and K219E/Q showed the highest rela-
tive efficiency. Of the three major protease mutations
that could be evaluated by this approach, M46I/L had a
lower rate of transmission than I84V and L90M. Among
the mutations not detected in viruses from SCs, the RT
E44D, V108I, Q151M and Y188C/H/L, and the protease
D30N, G48V and V82A/F/S/T substitutions appeared to
be negatively selected.
Conclusions: The transmission rate of drug-resistant HIV-1
variants may be differentially affected by the mutational
pattern. The binomial model enabled to evaluate the
negative selection against specific substitutions. Given
the low prevalence of some resistance mutations in SCs,
very large data sets are required to evaluate the potential
selection of such mutations.
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Highly active antiretroviral therapy (HAART) has
markedly improved the course of HIV-1 disease,
reducing AIDS-related morbidity and mortality [1].
However, current regimens do not durably control
HIV-1 replication in up to 70% of treatment-experi-
enced patients, because of limited potency, low adher-
ence to therapy or toxicity. As a result, some studies on
individuals infected with HIV-1 who received a geno-
typic-resistance test showed that nearly 80% of patients
in USA and Europe harbour virus strains resistant to at
least one class of antiretroviral (ARV) drug [2–5],
which correlates with a rebound of viral replication and
the potential transmission of resistant variants. The
ability of such strains to establish new infections is
largely unknown; however, several surveys showed that
2–27% and 4–27% of newly infected people in North
America and Europe have drug-resistant viruses,
respectively [6–12]. Transmitted resistance is associated

with high HIV-1 viraemia in patients failing treatment
and/or seroconverters [6,9]. On this basis, studies on
the efficiency of transmission of viral variants with
drug-resistance mutations have recently been
performed, and results of these studies have indicated
that some resistant variants may be transmitted more
efficiently than others [8–11].

Several factors, such as high viraemia, host genetic
background, behavioural characteristics and sexual
transmitted diseases represent distinct determinants of
the efficiency of HIV-1 transmission [13–15]. By
performing an ecological cross-sectional study, we
analysed the prevalence of HIV-1 resistance in patients
failing HAART and in recently seroconverted treat-
ment-naive patients (≤12 months), in order to evaluate
the rate of transmission of drug-resistant variants from
failing individuals, considered as potential transmitters,
to seroconverters.

Introduction
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Materials and methods

Study population

Globally, we evaluated 3,097 HIV-1 patients who
received a routine genotypic resistance test in the period
1997–2004 at the Department of Molecular Biology of
the University of Siena, Italy, which serves 15 Clinical
Centers [16]. Among these, we did not consider individ-
uals carrying a non-B subtypes (n=252), who were all
non-Caucasians.

In this study, we also evaluated a population of 1,299
patients, consecutively enrolled from 1997 to 2004 in 3
out of 15 major Clinical Centers, who were tested for
HIV-1 plasma viraemia.

We studied as potential transmitters (PTs) of HIV-1
infection 2,690 patients who failed ARVs (failure
defined as two consecutive determinations of viral load
>1,000 copies/ml) and received a genotypic test at time
of failure; in parallel, we evaluated 155 individuals with
a recent diagnosis (≤12 months) of HIV-1 seroconver-
sion (SCs), naive for ARVs. Seroconversion was defined
as the mid-point between the last negative and the first
positive anti-HIV-1 antibody determination and/or by
the clinical presence of signs and symptoms of primary
HIV-1 infection, subsequently confirmed by laboratory
evidence (detectable plasma HIV-1 RNA levels plus
negative or indeterminate HIV-1 antibody test results).
One-hundred and thirty (83.9%) SC patients had a sero-
conversion time documented within 24 weeks. At geno-
typing, the median time from seroconversion in SCs was
6.6 weeks (25th–75th percentile: 3.3–14.0). As the two
populations were residing in the same geographical area
and patients with non-B strains were excluded from the
study, we were allowed to reasonably assume that PTs
were responsible for the new infections in SCs; as a
consequence, we defined our approach as an ecological
cross-sectional study.

Genotypic analysis
We analysed 6,066 and 152 reverse transcriptase (RT)
sequences from 2,603 PTs and 155 SCs, and 5,742 and
152 protease sequences obtained from 2,420 PTs and
155 SCs, respectively (for 6 SCs, 3 RT or protease
sequences were not available). Major protease and RT
resistance mutations were defined as reported by the
2005 International AIDS Society-USA panel [17]. As
suggested by this expert panel, amino acid substitutions
different from Y and F at RT codon 215, demonstrated
to arise from partial revertion of these resistance
mutations, were also considered.

Statistical analysis
A binomial probability model was used to evaluate
whether the absence of given drug-associated mutations
in SCs was due to chance or to a negative selection

process. This hypothesis was tested considering n as
the total number of SC sequences, π as the proportion
of a given mutation in PTs, and X as the proportion
of the same mutation in SCs (X=0) in the following
probability function:

n
P(X | n)=( ).πX.(1–π)n–X

X

A P-value <0.05 was assumed to be indicative of a nega-
tive selection of viral variants harbouring the studied
mutation at transmission of HIV-1 infection.

As a consequence, letting P(X | n)=0.05, n (the total
number of RT and protease sequences in SCs) =152 and
X=0, and solving the resulting disequation (1–π)152≤0.05
for π, it is possible to calculate the minimal frequency
(π ≥1.95%) at which a mutation absent in SCs has to
be present in PTs to significantly assume a negative
selection.

For mutations present in SCs, we evaluated the rela-
tive efficiency of transmission of viral strains with these
changes by comparing the odds of having a specific
mutation in SCs and PTs (odds ratio, OR), and evalu-
ating the corresponding 95% confidence intervals (95%
CIs). OR values were assumed as a score of the relative
efficiency of transmission.

Results

Characteristics of PT and SC populations
One-hundred and twenty-five SC patients (80.6%)
were males and 28 (18.1%) females. No gender infor-
mation was available for two individuals (1.3%).
Gender distribution in PTs was 1,838 (68.3%) males
and 752 (28.0%) females. Gender data were missing
for 100 (3.7%) PT individuals.

Risk factors distribution in SCs was 23.9% (n=37)
homosexuality; 16.8% (n=26) heterosexuality; 1.3%
(n=2) intravenous drug use (IVDU); 3.2% (n=5) other
risk (blood transfusion or mother-to-child transmission);
and 54.8% (n=85) unreported risk. These proportions in
PTs were 11.8% (n=318), 12.2% (n=328), 20.1%
(n=540), 3.1% (n=83) and 52.8% (n=1,421) for homo-
sexuality, heterosexuality, IVDU, and other and unre-
ported risk, respectively.

In SC patients, the median values of CD4+ T lympho-
cytes and plasma viraemia were 517 cells/µl (25th–75th

percentile: 300–670) and 4.78 log copies/ml (25th–75th

percentile: 4.22–5.37), respectively, while these values in
PTs were 336 cells/µl (25th–75th percentile: 176–532)
and 3.95 log copies/ml (25th–75th percentile: 3.11–4.78),
respectively.

Of the total sequences of PTs (n=6,788), 608 (9.0%)
were obtained from patients who had been exposed only
to monotherapy or dual therapy. Sequences of patients
treated with nucleoside reverse transcriptase inhibitors
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(NRTIs) and protease inhibitors (PIs), NRTIs and non-
NRTIs (NNRTIs), and NRTIs, NNRTIs and PIs were
1,719 (25.3%), 62 (0.9%) and 351 (5.2%), respectively.
For 4,048 (59.6%) sequences there was no detailed
treatment information available, but the patients were
reported not to be treatment naive.

Prevalence of class-resistance and major drug-
associated mutations
Globally, 12.9% of seroconverters showed resistance
to NRTIs, 4.5% to NNRTIs and 1.9% to PIs; 1.9%
patients had a dual-class resistance to NRTIs and PIs,
3.2% to NRTIs and NNRTIs, and 1.3% to NNRTIs
and PIs; only 1.3% showed resistance to all the classes
of ARVs. Among PTs, the prevalence of patients with
resistance to NRTIs, NNRTIs and PIs, calculated
among individuals on treatment with the specific drug
class, was 62.9%, 55.9% and 31.2%, respectively.
Twenty-six point seven percent of PTs showed a dual-
class resistance to NRTIs and PIs, 50.6% to NRTIs
and NNRTIs, and 40.7% to NNRTIs and PIs. The
proportion of patients showing a multiple resistance to
all the classes of ARV was 39%.

The prevalence of RT and major protease resistance
mutations in PTs and SCs is reported in Figure 1A and
1B, respectively. The overall prevalence of any mutation
associated to NRTIs and NNRTIs was 13.2% and 4.6%
in SCs, and 69.9% and 27.6% in PTs, whereas that of
major mutations to PIs was 2.0% and 33.7% in SCs and
PTs, respectively.

In RT region, nucleoside-associated mutations
(NAMs) were the most common substitutions both in
PTs and SCs. The most prevalent major protease muta-
tions in PTs were L90M, M46I/L and V82A/F/S/T;
L90M and M46I/L, in addition to M84V, were the
changes in protease also detected in SCs.

To evaluate the proportion of individuals with no
genotypic assessment, we studied 1,299 patients who
received an HIV-1 plasma viraemia determination
during the study period. We found that 935 individuals
(72%) had detectable HIV-1 levels at some point and,
therefore, received a genotypic assay.

Evaluation of negative selection and relative transmis-
sion efficiency of drug-associated HIV-1 mutations
Several RT and protease mutations detected in PTs
were not present in SCs (Figure 1A and 1B). To eval-
uate the possibility that the absence of these muta-
tions was due to chance or to a negative selection at
transmission, a binomial probability model was
applied, assuming that a P-value <0.05 reflects a
negative selection against the given mutation. Based
on this approach, E44D, V108I, Q151M and
Y188C/H/L RT mutations and V82A/F/S/T, G48V

and D30N protease mutations were shown to be
negatively selected at transmission (Table 1).

The relative efficiency of transmission of the muta-
tions detected both in SCs and PTs was estimated by
evaluating the ORs and 95% CIs, and using these values
as a score of transmissibility (Table 2). In RT, T215F/Y
(OR: 0.042; 95% CI: 0.016–0.113) and M184I/V (OR:
0.043; 95%CI: 0.016–0.117) were the changes with the
lowest relative efficiency of transmission. On the other
hand, V118I (OR: 0.219; 95% CI: 0.097–0.497) and
K219E/Q (OR: 0.235; 95% CI: 0.110–0.503), and the
NNRTI-associated mutation Y181C/I (OR: 0.281; 95%
CI: 0.089–0.884) showed the highest relative efficiency.
Notably, revertants at RT codon 215 were the only
substitutions with very similar proportions in PTs and
SCs. The three major protease mutations that could be
evaluated in this analysis (M46I/L, L90M and I84V) had
a relatively low rate of transmission (OR: 0.037, 0.074
and 0.087; 95% CI: 0.005–0.268, 0.023–0.231,
0.012–0.625, respectively).

Conclusions

Recent investigations on the prevalence of drug-related
HIV-1 mutations in failing patients pointed out that
either single- or multiple-class resistance has reached
alarming proportion [2–5]. As expected, our Italian
data are in agreement with this scenario. Among failing
patients, resistance to ARVs ranges from 31.2% to
62.9% and almost 40% of these patients show three
class resistance.

Although primary resistance may be transmitted
from as many as 30% of newly infected individuals
during their acute phase of infection [9], it is thought
that the main determinant of transmitted drug-resis-
tance is the population of patients failing ARV regi-
mens [18]. The lower prevalence of drug-resistance in
SCs compared with PTs can be explained by a substan-
tial proportion of infections transmitted by naive indi-
viduals or treated patients without resistance or,
alternatively, by a negative selection process acting
differentially against drug-resistant variants at trans-
mission. Indeed, the various substitutions in HIV-1
genome probably generate a continuum in the relative
efficiency of transmission. In this context, the RT
T215F/Y and Y181C/I mutations seem to represent the
lower and upper extremes of this interval in our study.

Amino acid substitutions at RT position 215
different from Y and F, likely derived from partial
reversion of these resistance mutations [19], were
almost equally represented in PTs and SCs. In agree-
ment with previous data, showing that these revertants
are present at comparable levels in naive patients
[20,21], our results support that their proportion in
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SCs is due either to the transmission of such variants
per se or the reversion of transmitted 215F/Y muta-
tions in the absence of drug pressure. Nevertheless, our
data show that 215F/Y mutants have the lowest rela-
tive efficiency of transmission, suggesting that their
contribution to the pool of 215 revertants in SCs may
be limited. To identify the variants present at primary

infection, we studied at clonal level 8 naive patients
with 215 revertants in plasma. Our results indicate that
the archived quasispecies was totally homogeneous,
suggesting that these variants were responsible for
primary infection in toto (unpublished data). This issue
has relevant clinical implications since increased risk of
treatment failure has been demonstrated in patients
harbouring virus with the RT 215 revertants [21].

The prevalence of the M184I/V substitution
(38.5%) in our PT population was low, since a rela-
tively small proportion (55.2%) of patients was on
lamivudine at time of genotyping. Also, the M184I/V
change is commonly not detected in naive patients due
to its high fitness cost and consequent rapid reversion
in the absence of drug pressure, as supported by recent
data from Turner et al. [8]. In fact, our naive patients
(n=4) with virus carrying M184V received a genotypic
test at 2.6, 4.6, 6.6 and 23.6 weeks from seroconver-
sion, respectively. Thus, the time for reversion to wild
type may have been insufficient at least for three of
such patients.

Of note, this observation fully agrees with the data
reported by Turner et al., which indicates that the
M184V mutation negatively impacts on transmissibility
of viral variants harbouring this change [8].
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Figure 1. Prevalence of major drug-resistance mutations in HIV-1 reverse transcriptase (A) and protease (B) in potential
transmitters and patients with recent seroconversion

25%

20%

15%

5%

10%

0%

30
N

46
I/L 48

V
50

L/V

82
A/F/

S/T 84
V

90
M

SCs
PTs

A

B

AVT-861 Corvasce  26/4/06  3:48 pm  Page 332



Our results are partially in agreement with those
recently reported by de Mendoza et al. performed in
relatively far smaller populations of SCs and PTs [11].
In the Spanish study, the relative efficiency of trans-
mission of drug resistant HIV-1 variants was estimated
by simply calculating the proportion of individual
resistance mutations in SCs compared with that in
PTs. The results of our model confirm the finding of de
Mendoza et al. only regarding Y181C/I and M184I/V
RT mutations [11]. The discrepancies regarding
NNRTI and PI mutations may be due to the lower
proportion of these mutations in our study population.
Nevertheless, our sample size allows us to assume these
results as reliable.

Some limitations are present in our study. Firstly, the
distribution of risk categories in SCs and PTs was not
well matched. This is due to the fact that the proportion
of heterosexuals increased in the Italian epidemic over-
time, whereas that of IVDUs declined in parallel [22].
Moreover, we did not restrict the evaluation to sexual
transmission because IVDUs potentially transmit the
virus both through parenteral and sexual route.

Secondly, we could not address several other deter-
minants of resistance transmission, such as the
possible distinct genetic evolution and replication rate
of HIV-1 in plasma and genital tract, as well as the
intrinsic limits of resistance detection related to
current genotypic assays.

Furthermore, we adopted a mutation list, that is, a
working tool; as the identification of drug-associated
changes and their role either in isolation or in concert
with others is a continuously evolving field, V118I
data reported by us have to be carefully considered,

given that this mutation may represent a polymorphic
change when present alone.

The binomial model allowed to investigate whether
negative selective forces are responsible for the absence
of specific mutations in a population of newly infected
individuals, mostly studied close to seroconversion.

We could not draw conclusions regarding several
important mutations due to their limited prevalence in
this study population, that did not allow a statistical
evaluation (for example, I50L/V in protease, and
K65R, 69 Insert, Y115F and M230L in RT).

Our model is based upon the assumption that people
living in the same area are likely to become infected
from patients residing in the neighbourhood. This is an
intrinsic limitation of ecological studies preformed by
others and us on this matter, partially controlled by the
exclusion of patients carrying non-B clades, all with
non-Caucasian ethnicity.

This study has two additional limitations. Firstly, we
could not evaluate the selection of drug-resistance
mutations affected by the changing trends in primary
transmission over time. A precise estimate of these
trends should be addressed by matching the genotypes
of SCs in a given year with those of PTs of the year
before, requiring very large databases. Secondly,
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Table 1. Evaluation of negative selection of HIV-1 reverse
transcriptase and protease resistance-associated mutations in
patients with recent seroconversion

Region Codon SCs (n, %) PTs (n, %) P-value

Reverse
trascriptase 44D 0 (0.0) 358 (5.9) 0.0001*

108I 0 (0.0) 184 (3.0) 0.0093*
151M 0 (0.0) 121 (2.0) 0.0468*
188C/H/L 0 (0.0) 119 (2.0) 0.0492*
65R 0 (0.0) 60 (1.0) 0.2207
69 Ins 0 (0.0) 54 (1.0) 0.2569
115F 0 (0.0) 28 (0.5) 0.4950
230L 0 (0.0) 5 (0.1) 0.8822

Protease 82A/F/S/T 0 (0.0) 826 (14.4) <0.00001*
48V 0 (0.0) 176 (3.1) 0.0088*
30N 0 (0.0) 140 (2.4) 0.0235*
50L/V 0 (0.0) 19 (0.3) 0.6042

*Statistically significant. PTs, potential transmitters; SC, seroconverters.

Table 2. Evaluation of relative efficiency of transmission of
HIV-1 reverse transcriptase and protease resistance-associated
mutations in patients with recent seroconversion

Region Codon SCs (n, %) PTs (n, %) OR 95% CI

Reverse
transcriptase 215F/Y 4 (2.6) 2,381 (39.3) 0.042 0.016–0.113*

184I/V 4 (12.6) 2,336 (38.5) 0.043 0.016–0.117*
41L 5 (3.3) 2,048 (33.8) 0.067 0.027–0.163*
70R 4 (2.6) 1,571 (25.9) 0.077 0.029-0.209*
103N 2 (1.3) 857 (14.1) 0.081 0.020–0.328*
69D 1 (0.7) 374 (6.2) 0.101 0.014–0.722*
210W 4 (2.6) 1,213 (20.0) 0.108 0.040–0.293*
67N 8 (5.3) 1,636 (27.0) 0.150 0.074–0.307*
74V 1 (0.7) 217 (3.6) 0.179 0.025–1.281
118I 6 (3.9) 959 (15.8) 0.219 0.097–0.497*
219E/Q 7 (4.6) 1,035 (17.1) 0.235 0.110–0.503*
181C/I 3 (2.0) 406 (6.7) 0.281 0.089–0.884*
100I 1 (0.7) 100 (1.6) 0.395 0.055–2.851
190A/S 4 (2.6) 388 (6.4) 0.396 0.146-1.074
106A/M 1 (0.7) 81 (1.3) 0.489 0.068–3.539
215 Rev 11 (7.2) 366 (6.0) 1.215 0.652–2.265

Protease 46I/L 1 (0.7) 5,742 (15.0) 0.037 0.005–0.268*
90M 3 (2.0) 1,233 (21.5) 0.074 0.023–0.231*
84V 1 (0.7) 405 (7.1) 0.087 0.012–0.625*

*Statistically significant. 95% CI, 95% confidence interval; 69 Ins, insert at
reverse transcriptase (RT) position 69; OR, odds ratio; PTs, potential transmit-
ters; SC, seroconverters; 215 Rev, revertants at RT position 215.
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because only patients who received a genotypic test can
be studied for the prevalence of drug resistance,
whereas those with undetectable viral load can not, this
has led to an overestimation of the prevalence of drug
resistance in the studied geographical area.
Nevertheless, a more sensitive analysis should assume
that mutations are absent in patients with undetectable
viral load and may give rise to an underestimation. A
sample of our population indicated that in our study
population 72% of patients with a viral-load determi-
nation received a genotypic test. By multiplying our
prevalence estimates by 0.72, it could be possible to
perform a more sensitive analysis that, in turn, would
underestimate the actual proportion of drug resistance.

Application of the binomial model to larger
population and correcting prevalence estimates for
specific biases may clarify the selective forces that act
against HIV-1 variants with such less common
drug-related mutations.
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