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a Laboratório de Virologia, Serviço de Imunohemoterapia, Hospital Egas Moniz, Lisboa, Portugal
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Abstract
Background: Drug resistance transmission in newly diagnosed, drug-naı̈ve HIV-1 infected individuals has been previously reported, with rates

ranging from 5 to 27%. The aim of this study is to investigate the prevalence of resistance-associated mutations in drug-naı̈ve, newly diagnosed

patients, as well as monitoring the diversity of HIV-1 strains circulating in Portugal.

Methods: One hundred eighty samples from newly diagnosed patients were prospectively collected during 2003, according to the distribution

of HIV-1 infections in Portugal. Epidemiological, clinical and laboratory data was collected using a standardized form. Population sequencing

was performed using an automated sequencer (ABI Prism 3100, Applied Biosystems) and a commercially available assay (ViroSeq HIV-1

Genotyping System, v2.0, Abbott). Stanford HIV Sequence Database was used for interpretation of resistance data; subtyping was performed

using the REGA Subtyping Tool. When subtype was unassigned, further analysis was done using an alignment with reference sequences, and

phylogenetic tools like Simplot and PHYLIP. Mutations listed by the International AIDS Society-USA were considered, except E44D and

V118I.

Results: Patient population included 124 males (69%) and 56 females (31%), the median age being 35. Western Europe was the main region of

origin (77.2%), followed by Africa (18.3%), South America (2.8%) and Asia (1.1%). The most common route of transmission was heterosexual

contact (54.4%), followed by intravenous drug use (20%), homo/bisexual individuals (19.4%) and blood transfusion (0.6%). The commonest

subtypes were B (41.7%) and G (29.4%), while other non-B subtypes rated 12.8% and recombinant forms represented 16.1% of the samples.

Fourteen patients (7.78%) were identified as carrying resistance-associated mutations. Ten were resistant to drugs from one class, three to drugs

from two classes and one to drugs from all three classes. No statistically significant associations were found between age, gender, route of

transmission, subtype and resistance.

Conclusions: The identification of newly diagnosed individuals carrying resistance-associated mutations confirms that drug resistance transmis-

sion is a public health problem in Portugal, with a possible impact on prevention, treatment and monitoring of HIV-1 infections.

# 2007 Elsevier B.V. All rights reserved.
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1. Introduction

With 24 antiretroviral agents approved so far, effective

treatment has significantly improved the quality of life for
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HIV-infected patients. However, it came with a cost: resistant

viruses emerge and can be transmitted (Wensing et al., 2005),

causing a new public health concern. Some studies report very

different rates of transmission of drug-resistant viruses, ranging

from 20% in North America (Ristig et al., 2002; Wegner et al.,

2000; Weinstock et al., 2000) to less than 10% in Europe (Babic

et al., 2006; Masquelier et al., 2005; Paraskevis et al., 2005;

Wensing et al., 2005).
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The main factors associated with therapy failure are

the patient’s inadequate adherence to therapy, pre-existing

resistance-related mutations, suboptimal potency of the

antiretrovirals, as well as incorrectly prescribed drugs

(Escoto-Delgadillo et al., 2005). These factors coupled with

risky behavior lead to transmission of infection with drug-

resistant HIV-1 which may result in a less favorable response to

therapy for the newly infected individual (Wensing et al., 2005).

The situation in Portugal, regarding HIV infection, is one of

the most serious in Europe, with 28,370 reported infections by

the end of 2005 (0.3% of prevalence) (Centro de Vigilância

Epidemiológica das Doenças Transmissiveis 2005) and an

estimation of more than 30.000 infected patients not aware of

their status. Due to social and economical connections with

former colonies from Africa (Angola, Mozambique, etc.), Asia

(India) and South America (Brazil), Portugal has a unique

infection profile that sets it apart from the rest of Europe. The

prevalence of HIV-2 is the highest in Europe (Soriano et al.,

2000), and there is a high diversity of subtypes, with subtype G

emerging as the most prevalent after subtype B (Carvalho et al.,

2002a). This led to the appearance of recombinants BG (Duque

et al., 2003; Esteves et al., 2003), which are almost exclusively

found in Portugal and Spain. With such a different profile of

infections from the rest of Europe and the United States, but

with the same standard of care offered as those countries, a

study done in Portugal is particularly interesting to better

understand the evolution of the HIV epidemiology.

Therefore, the aim of this study is to investigate the

prevalence of resistance-associated mutations in drug-naı̈ve,

newly diagnosed patients, as well as monitoring the diversity of

HIV-1 strains circulating in Portugal.

2. Materials and methods

2.1. Study population

Three hundreds thirty-one samples were prospectively

collected. Patients had to be more than 18 years old, newly

diagnosed with HIV infection at any stage, with a sample

drawn within 3 months of diagnosis, never been exposed to

antiretroviral therapy and with an RNA-HIV load of at least

1000 copies/ml to fit the inclusion criteria. After weighted

randomisation to achieve national proportional representa-

tiveness, in which a ratio was calculated, according to the

number of HIV-infected patients followed in each participating

centre (the more patients followed in a centre, the more patients

from that centre would be considered) 180 patients were

included in the study. Ethical approval was obtained from all

collecting centres as well as informed consent from the

patients.

2.2. Data collection

Demographic, epidemiologic and clinical data was collected

through a standardized questionnaire. Data was collected

between 01-01-2003 and 31-12-2003 from 17 centers,

representing different regions in Portugal, according to the
epidemiological distribution of HIV-1 infections: 2 centers

located on the northern region of Portugal, in Oporto (33

patients), 1 on the central region, in Coimbra (6 patients) and 14

on the southern region, including Great Lisbon and surround-

ings, and all the south of Portugal (141 patients).

2.3. Sample processing

Population sequencing was performed using an automated

sequencer, ABI Prism 3100 (Applied Biosystems, Foster City,

CA, USA) and a commercially available assay kit ViroSeq

HIV-1 Genotyping System, v2.0 (Abbott Molecular), for 169

samples, and Trugene HIV-1 Genotyping kit (Bayer Diag-

nostics), using a proprietary sequencer for 11 samples. CD4+

cell count was determined by FACS scan, and HIV-1 viral load

by branched-DNA assay (Bayer Diagnostics) or quantitative

RT-PCR assay (Roche Diagnostics).

2.4. Resistance and subtype analysis

Subtyping was done using the Rega Subtyping Tool v.1 (de

Oliveira et al., 2005) (available at http://jose.med.kuleuven.be/

subtypetool/html/subtyping.html). When subtype was unas-

signed by the Rega Subtyping Tool, the sequences were aligned

using ClustalW against 46 reference sequences (two sequences

for each pure subtype and 14 Circulating Recombinant Forms,

CRF’s) from the Los Alamos HIV database (http://www.hiv.-

lanl.gov) and edited with BioEdit (Hall, 1999). Sequences

containing insertions and fragments obtained with Trugene

Genotyping kit were aligned individually with the reference

sequences. Subtype was then determined using Simplot v3.2

(Lole et al., 1999) (available at http://sray.med.som.jhmi.edu/

RaySoft/). When bootscanning support values were below

75%, or when a recombinant form was detected, further

analysis was done using pairwise distance matrices estimated

with the Kimura two-parameter model with the DNADIST

program, as implemented in the PHYLIP package v3.6, on the

fragments obtained after splitting the sequence in the estimated

recombination breakpoints. In some cases no breakpoints were

detected, so the whole sequence (1302 base pairs) was

analyzed.

The assessment of transmitted resistance was done as

described by the International AIDS Society-USA (IAS-USA)

(Johnson et al., 2005), with one exception: the mutations E44D

and V118I in reverse transcriptase (RT) were not taken into

account, because it is not possible to determine whether these

mutations result from natural variation or from exposure to

antiretroviral drugs (Wensing et al., 2005). The assessment of

the impact on first line therapy response was done using the

Stanford algorithm (http://hivdb.stanford.edu).

2.5. Statistical analysis

Statistical analysis was performed using SPSS, Version 13.0

for Windows (available at http://www.spss.com). Associations

were analyzed using the Mann–Whitney and the Chi-square

tests, accordingly.

http://jose.med.kuleuven.be/subtypetool/html/subtyping.html
http://jose.med.kuleuven.be/subtypetool/html/subtyping.html
http://www.hiv.lanl.gov/
http://www.hiv.lanl.gov/
http://sray.med.som.jhmi.edu/RaySoft/
http://sray.med.som.jhmi.edu/RaySoft/
http://hivdb.stanford.edu/
http://www.spss.com/
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3. Results

3.1. Demographical and epidemiological data

Patient population included 124 males (69%) and 56 females

(31%) and the median age was 35 years (18–84 years). To

determine the origin of each patient, given that not all had

wanted to say their country of origin, we used the information

about region of origin, which was more complete. The patients

were mainly from Western Europe (77.2%), followed by Sub-

Saharan Africa (18.3%), South America (2.8%) and Asia

(1.1%). When not from Western Europe, the country of origin

was always a country with historical connections to Portugal,

like Angola, Mozambique, Brazil or India. Table 1 briefly

summarizes the study population.

One of the observations, we were able to make in this study,

was the condition of the patient at the time of diagnosis, which

is important information to health care services. Using the CDC

Classification System for HIV Infection (CDC, 1993), more

than half of the individuals (61.1%) were diagnosed while in an

asymptomatic condition, CDC Stage A, whereas 6.7% were

diagnosed in Stage B and 15% were in Stage C (AIDS). Also, of

the 56 women included in this study, 7 (12.5%) were diagnosed

while pregnant. As for the Sexual Health status of the study

population, in the 2 years previous to the study, 23.9% of the
Table 1

Characteristics of the study population

Characteristics Patients (N = 180)

Gender number (%)

Male 124 (69)

Female 56 (31)

Origin of patients number (%)

Portugal 118 (66)

Africa 33 (18)

Asia 2 (1)

South America 5 (3)

Other European countries 1 (1)

Unknown/unwilling to answer 21(11)

Primary transmission route number (%)

Heterosexual 98 (54)

IVDU 36 (20)

Homosexual 35 (19)

Transfusion 1 (1)

Unknown/unwilling to answer 10 (6)

CDC stage number (%)

A 110 (61)

B 12 (7)

C 27 (15)

Unknown 31 (17)

Plasma HIV-RNA (log copies/ml)a

Mean � S.D. 4.69 � 0.67

CD4 count (cells/mm3)b

Median (minimum–maximum) 322 (4–1169)

Age (years)

Median (minimum–maximum) 35 (18–84)

a Information available for 159 patients.
b Information available for 132 patients.
patients reported at least one Sexually Transmitted Infection

(STI). However, many patients reported having a previous

history of STI, up until 10 years prior to the date of inclusion in

the study.

For route of transmission, we considered a hierarchical order

in the answers, when more than one route was signaled, in

which intravenous drug use was always considered prior to

sexual transmission (priority order, from higher to lower:

IVDU, hetero/homosexual, mother to child transmission,

haemophiliac, occupational exposure, transfusion receipt,

originating from high prevalence country, not willing to

answer, other/unknown). The results were that the most

common transmission route was heterosexual contact

(54.4%), followed by intravenous drug use (20%), homo/

bisexual contact (19.4%) and one case of transmission by blood

transfusion (0.6%). The transfusion transmission case, although

diagnosed in Portugal, is suspected to have happened while the

patient was living in Angola, during an emergency surgery,

following an accident. In six cases (3.3%) the route of

transmission was unknown and in four cases (2.2%) the patient

refused to answer. Even though the main factor present is

unprotected sexual intercourse (48.9%), which affects both

hetero- and homosexual transmission, most of the unprotected

sex was reported by heterosexual (63.6%), while only a

minority of homosexuals reported unprotected sex as a factor

(22.7%).

Twenty-three patients (12.8%) could identify the infection

source, and three of these patients actually knew their partner

was HIV positive. Thirty-eight patients (21.1%), mostly

women, answered that they suspected they knew who the

infection source was, but in a question about risk factor

mentioned a stable relationship with their partner (usually their

husband), which led us to suspect that these patients did not

want to reveal their husband as the source of their infection.

3.2. HIV-1 subtyping

The detailed study of the sequences generally confirmed the

results obtained in previous observations (Carvalho et al.,

2002a,b; Esteves et al., 2002). The most common subtypes

were B (41.7%) and G (29.4%), followed by subtypes C (7.2%),

F (2.2%), A (1.7%), D (1.1%) and J (0.6%). Recombinant forms

represented 16.1% of the samples, with 12 (41.4%) of them

being CRF02_AG, while the remaining cases were Unique

Recombinant Forms (URFs), as seen in Fig. 1. Of the 17 URFs

found, 5 (29.4%) represented some kind of recombination

between subtypes B and G. The rest were essentially viruses

where part of the sequence was untypable.

In subtype G, 33.3% of sequences had a clear decline of the

bootscanning value from 900 base pairs onward. The PHYLIP

study of these fragments (300–400 base pairs long) either failed

to cluster with the reference sequences or revealed some

phylogenetic relation to both subtype G and J in a number of

samples, but with bootstrap values too low to support this

association. This may be due to eventual recombination or poor

phylogenetic signal, among which we cannot discriminate with

only the here sequenced region at hand.



Fig. 1. Prevalence of Subtypes (N = 180).
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3.3. Prevalence of transmitted resistance

Fourteen patients (7.78%; 95% CI: 4.7–12.6) were identified

as carrying resistance-associated mutations indicative for

transmitted resistance. In the Protease sequence, the following

major resistance-related mutations were present: M46I(1),

I84V(1) and L90M(1). We also observed a high prevalence of

some polymorphisms at positions like M36I (present in 63.9%

of all sequences) and L36P (32.8%) (see Table 2), although
Table 2

List of mutations

Mutation Number %

PI

L10I 13 7.2

L10V 4 2.2

K20R 4 2.2

L24I 1 0.6

M36I 115 63.9

M46I 1 0.6

L63P 59 32.8

A71V 8 4.4

A71T 5 2.8

V77I 31 17.2

I84V 1 0.6

L90M 1 0.6

NRTI

M41L 4 2.2

M184V 1 0.6

L210W 2 1.1

T215A 2 1.1

T215S 2 1.1

T215C 1 0.6

T215S/C 1 0.6

T215D 2 1.1

T215N 1 0.6

K219Q 2 1.1

NNRTI

K103N 1 0.6

V108I 2 1.1

Y181C 1 0.6

G190A 1 0.6

K238T 1 0.6
these were not taken into account when calculating the

prevalence of transmitted resistance.

In the reverse transcriptase, we observed the following

resistance-related mutations: M41L(4), M184V(1),

L210W(2), T215A/S/C/D/N(9), K219Q(2), K103N(1),

V108I(2), Y181C(1) and G190A(1). The mutations indicative

for transmitted resistance found in the study population are

listed in Table 2. Of the 14 patients, 10 (5.6%; 95% CI: 3.0–

9.9) had transmitted resistance to drugs from 1 class, 7

individuals to NRTIs, 3 to NNRTIs and none to PIs. Three

individuals (1.7%; 95% CI: 0.6-4.8) had transmitted

resistance to drugs from two classes (NRTI + PI (2) and

NRTI + NNRTI) and in one case (0.6%; 95% CI: 0.03–3.1),

the patient had transmitted resistance to drugs from all three

classes. In Table 2, we also summarized for these patients

whether this transmitted resistance could possibly affect their

therapy response, using the Stanford scoring system. In most

cases, only low level resistance was observed: 9 out of the 14

patients only had mutations that caused low level resistance to

some NRTIs and NNRTIs. Only five patients had more than

low level resistance to an antiretroviral drug, mainly

intermediate resistance. The more resistant profiles were

present in patients that showed resistance to more than one

class of antiretrovirals.

Table 3 has the characteristics of the 14 individuals, and one

can already see that there is a great diversity in almost all

attributes, but a further statistical analysis found no significant

associations between age, gender, route of transmission,

subtype and resistance. The only statistically significant

correlation was between subtype and country of origin

( p = 0.01, Pearson’s R = �0.283), which is not an unexpected

result, as subtypes prevalence is very dependent upon the

geographic origin (Hemelaar et al., 2006).

4. Discussion

The study of HIV-1 molecular epidemiology in Portugal has

been done so far using convenience samples from single

hospitals located in metropolitan areas (Esteves et al., 2002).

This is the first study which aimed at a proportional



Table 3

Characteristics of the patients identified with resistance-associated mutations

SPREAD ID Sex1 Age

(years)

Region

of origin2

Time of first

positive HIV test

Route of

transmission3

Subtype4 PI5 NRTI5 NNRTI5 Drug resistance6

1027444 F 39 Western Europe 04-07-2002 Heterosexual G K219Q AZT(L)

3018001 M 63 Western Europe 02-10-2003 Heterosexual G K219Q AZT(L)

3035799 M 29 Africa 01-11-2002 Heterosexual B V108I DLV(L), EFV(L), NVP(L)

3042560 M 35 South America 12-05-2003 Homosexual B M41L AZT (L), D4T (L)

3076507 M 43 Western Europe 11-07-2003 Heterosexual G V108IMV DLV(L), EFV(L), NVP(L)

3105110 M 43 Africa 11-08-2003 Heterosexual B T215D AZT (L), D4T (L)

3120251 F 28 Western Europe 01-10-2002 IVDU C G190A EFV (I), NVP (R)

3120530 M 49 Western Europe Unknown Unknown G M41L AZT (L), D4T (L)

3122224 M 23 Western Europe 06-03-2003 IVDU B/G T215S/C AZT (L), D4T (L)

3160001 M 42 Western Europe Unknown Homosexual B T215A AZT (L), D4T (L), DDI (L)

3018400 M 50 Western Europe 28-11-2003 Heterosexual A/G/B M184V K103N 3TC (R), FTC (R) all NNRTI’s (R)

3020028 F 32 Africa 01-03-2003 Heterosexual U/H L90M M41L, T215N ATV(L), IDV(L), NFV(I), SQV(I),

fAPV(L), ABC(L), AZT(I), D4T(I),

DDI(L), TDF(L)

3125013 F 26 Western Europe Unknown IVDU B I84V M41L, L210W ATV(L), IDV(L), LPV(L), NFV(I),

SQV(I), fAPV(I), ABC(I), AZT(I),

D4T(I), DDI(I), TDF(I)

3033530 M 19 Western Europe 01-10-2002 Homosexual B M46I L210W, T215S Y181C ATV(L), IDV(L), LPV(L), NFV(I),

SQV(L), fAPV(L), ABC(L), AZT(I),

D4T(I), DDI(L), TDF(L), DLV(R),

EFV(L), NVP(R)

1 M, male; F, female.
2 Western European countries: Portugal; African countries: Angola, Mozambique, Cape Verde, S. Tome and Principe, Guinea, Guinea-Bissau; South America countries: Brazil.
3 Priority order, from higher to lower: IVDU, hetero/homosexual, mother to child transmission, haemophiliac, occupational exposure, transfusion receipt, originating from high prevalence country, not willing to

answer, other/unknown. If more than one route of transmission was given, the classification was according to the priority order.
4 See also Section 2. A slash ‘‘/’’ is used when support for different subtypes is obtained. U is untypable.
5 Mutations in bold mean major mutations and mutations in normal script are minor mutations, as defined by the IAS-USA 2005 Resistance Mutations List. For PIs and NNRTIs, only major mutations are mentioned in

the table.
6 Resistance analyzed using the Stanford HIV Resistance Database based on the entire sequence (major and minor mutations for all drug classes). (L) stands for low level resistance, (I) Stands for intermediate

resistance and (R) stands for highly resistant.
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epidemiological distribution of HIV-1 cases in the whole

country.

This study supports the assumption that heterosexual contact

is the more common route of HIV-1 transmission in Portugal,

with a high number of patients self-reporting unprotected sex as

the main factor for acquiring HIV infection. Epidemiologically,

it might be interesting to note the relatively high number of

individuals, particularly women, who knew the source of

infection due to having a stable relationship with said source,

which were often their husbands. This might hint at a possible

target group for prevention and challenges the medical act’s

confidentiality when dealing with couples. It is worrying that

almost 20% of patients are diagnosed in the symptomatic phase

of the infection (CDC Stage B or C). This should prompt the

government in reassessing the efficiency of the health care

services who aim at detecting the infection as early as possible.

Previous preliminary studies performed on a high number of

random samples from the center and south of Portugal

(Carvalho et al., 2002a,b), had already observed a trend in

the rise of non-B subtypes, more particularly the G subtype,

highly prevalent in Western Africa. The presence of a high

number of African immigrants in Portugal could be linked to

the local emergence of this subtype, which we can see is now

circulating mainly in the native population, as 77.2% of the

individuals originated from Western Europe. With our study,

we further confirm this suspected trend that more and more

native individuals are being infected with non-B subtypes

(Esteves et al., 2002). Subtype B is now 41.7% of newly

diagnosed patients, while subtype G is 29.4%. Subtype A only

accounts for 1.7%, while the prevalence of subtype C, the most

prevalent subtype world wide, represents 7.2% of the study

population. Also, recombinant forms are present; CRF02_AG

is actually the fourth most prevalent HIV variant circulating in

Portugal, just after subtype C. A high number of recombinants,

which do not correspond to previously described CRFs, were

also found, with the majority being a recombination between

the two most prevalent subtypes, B and G.

Finally, we studied the prevalence of transmission of drug-

resistant HIV-1, and the result was that 7.78% of patients who

had never been exposed to antiretroviral therapy carried HIV-1

with at least one resistance-related mutation. We also observed

nine samples (5%) with reversion mutations at codon 215 of the

RT, which even though they do not confer resistance per se, are

markers of resistance transmission, and confer increased

virologic failure to some antiretrovirals (Johnson et al., 2003;

Violin et al., 2004). Although the prevalence of transmitted

resistance found (7.78%) is lower than the one obtained by the

Catch study for 19 European countries (10.4%) (Wensing et al.,

2005) it is above the 5% cut-off above which resistance

genotyping in chronically infected drug-naı̈ve is considered

cost-effective by the European HIV Resistance Panel

(Vandamme et al., 2004). According to these studies, our

results support its routine use in Portugal for all recently

diagnosed HIV-1 infected individuals. When investigating the

possible transmitters, Portuguese patients failing therapy in

2001 and 2002 (data not published), we noticed that the

transmitted resistance mutations in RT present in the
drug-naı̈ve, recently diagnosed patients were also the most

prevalent mutations in the failing patients (L90M, M41L,

M184I/V, L210W, T215 revertants, K103N, Y181C, G190A).

This was less so for the protease mutations. However, in

general, drug-naı̈ve patients with transmitted resistance had

fewer mutations than the failing patients. This may be due

either to the fact that in absence of selective pressure resistance

mutations tend to reverse (Gandhi et al., 2003; Yerly et al.,

1998) or that the transmitting patients have fewer resistance

mutations than the average failing patient.

Some authors have mentioned a relation between resistance

and subtype in which the prevalence of transmitted resistance is

higher in subtype B (Wensing et al., 2005). We do not see this in

our study population. This is probably because the patients in

Portugal infected with subtypes other than B are not immigrants

like in other European countries, but are mainly of Portuguese

nationality, and under the same standard of care as any other

developed country, which means higher exposure to ART and

consequently a higher probability of resistance transmission.

The prevalence of transmission of drug-resistant HIV

variants in our study might be underestimated due to the fact

that even though some transmitted drug-resistance mutations

may persist for months they eventually, in absence of drug

selective pressure, revert to wild type. This is consistent with

the fact that most of the patients with transmitted drug

resistance identified the putative time of infection as less than a

year.

In conclusion, the results of this study may have important

consequences for the prevention and clinical management of

HIV-1 infection in Portugal. The transmission of drug-resistant

viruses to newly infected individuals has important public

health impact; One of them being that individuals infected with

resistant viruses and unaware of their status may secondarily

transmit resistance to a third party; this ‘‘transmission chain’’

could generate an undetected epidemic of infections with drug-

resistant viruses.

Other important conclusion is that infected individuals,

under treatment, and therefore aware of their HIV status, keep

engaging in risk behavior. Special prevention programs

targeting this population are urgently needed.
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A., Lobo, M.C., Camacho, R., 2002a. Molecular epidemiology of HIV-1

Infection in Southern Portugal: results of a 92 weeks survey. Ninth European

AIDS Conference (EACS), Warsaw, Poland.

Carvalho, A.P., Gomes, P., Diogo, I., Gonçalves, M.F., Camacho, R., 2002b.
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Centro de Vigilância Epidemiológica das Doenças Transmissiveis, INSA, 2005.

Infecção VIH/SIDA: A Situação em Portugal.

de Oliveira, T., Deforche, K., Cassol, S., Salminen, M., Paraskevis, D.,

Seebregts, C., Snoeck, J., van Rensburg, E.J., Wensing, A.M., van de

Vijver, D.A., Boucher, C.A., Camacho, R., Vandamme, A.M., 2005. An

automated genotyping system for analysis of HIV-1 and other microbial

sequences. Bioinformatics 21, 3797–3800.

Duque, V., Holguin, A., Silvestre, M., Gonzalez-Lahoz, J., Soriano, V., 2003.

Human immunodeficiency virus type 1 recombinant B/G subtypes circulat-

ing in Coimbra. Portugal Clin. Microbiol. Infect. 9, 422–425.

Escoto-Delgadillo, M., Vazquez-Valls, E., Ramirez-Rodriguez, M., Corona-

Nakamura, A., Amaya-Tapia, G., Quintero-Perez, N., Panduro-Cerda, A.,

Torres-Mendoza, B.M., 2005. Drug-resistance mutations in antiretroviral-

naive patients with established HIV-1 infection in Mexico. HIV. Med. 6,

403–409.

Esteves, A., Parreira, R., Piedade, J., Venenno, T., Franco, M., Germano, D.S.,

Patricio, L., Brum, P., Costa, A., Canas-Ferreira, W.F., 2003. Spreading of

HIV-1 subtype G and envB/gagG recombinant strains among injecting drug

users in Lisbon. Portugal AIDS Res. Hum. Retroviruses 19, 511–517.

Esteves, A., Parreira, R., Venenno, T., Franco, M., Piedade, J., Germano, D.S.,

Canas-Ferreira WF, 2002. Molecular epidemiology of HIV type 1 infection

in Portugal: high prevalence of non-B subtypes. AIDS Res. Hum. Retro-

viruses 18, 313–325.

Gandhi, R.T., Wurcel, A., Rosenberg, E.S., Johnston, M.N., Hellmann, N.,

Bates, M., Hirsch, M.S., Walker, B.D., 2003. Progressive reversion of

human immunodeficiency virus type 1 resistance mutations in vivo after

transmission of a multiply drug-resistant virus. Clin. Infect. Dis. 37, 1693–

1698.
Hall, T.A., 1999. BioEdit: a user-friendly biological sequence alignment editor

and analysis program for Windows 95/98/NT. Nucl. Acids Symp. Ser. 95–98.

Hemelaar, J., Gouws, E., Ghys, P.D., Osmanov, S., 2006. Global and regional

distribution of HIV-1 genetic subtypes and recombinants in 2004. AIDS 20,

W13–W23.

Johnson, V.A., Brun-Vezinet, F., Clotet, B., Conway, B., D’Aquila, R.T.,

Demeter, L.M., Kuritzkes, D.R., Pillay, D., Schapiro, J.M., Telenti, A.,

Richman, D.D., 2003. Drug resistance mutations in HIV-1. Top. HIV Med.

11, 215–221.

Johnson, V.A., Brun-Vezinet, F., Clotet, B., Conway, B., Kuritzkes, D.R., Pillay,

D., Schapiro, J.M., Telenti, A., Richman, D.D., 2005. Update of the drug

resistance mutations in HIV-1: fall 2005. Top. HIV. Med. 13, 125–131.

Lole, K.S., Bollinger, R.C., Paranjape, R.S., Gadkari, D., Kulkarni, S.S., Novak,

N.G., Ingersoll, R., Sheppard, H.W., Ray, S.C., 1999. Full-length human

immunodeficiency virus type 1 genomes from subtype C-infected serocon-

verters in India, with evidence of intersubtype recombination. J. Virol. 73,

152–160.

Masquelier, B., Costagliola, D., Schmuck, A., Cottalorda, J., Schneider, V.,

Izopet, J., Calvez, V., Descamps, D., Poggi, C., Brun-Vezinet, F., 2005.

Prevalence of complete resistance to at least two classes of antiretroviral

drugs in treated HIV-1-infected patients: a French nationwide study. J. Med.

Virol. 76, 441–446.

Paraskevis, D., Magiorkinis, E., Katsoulidou, A., Hatzitheodorou, E., Antonia-

dou, A., Papadopoulos, A., Poulakou, G., Paparizos, V., Botsi, C., Stavria-

neas, N., Lelekis, M., Chini, M., Gargalianos, P., Magafas, N., Lazanas, M.,

Chryssos, G., Petrikkos, G., Panos, G., Kordossis, T., Theodoridou, M.,

Sypsa, V., Hatzakis, A., 2005. Prevalence of resistance-associated mutations

in newly diagnosed HIV-1 patients in Greece. Virus Res. 112, 115–122.

Ristig, M.B., Arens, M.Q., Kennedy, M., Powderly, W., Tebas, P., 2002.

Increasing prevalence of resistance mutations in antiretroviral-naive indi-

viduals with established HIV-1 infection from 1996–2001 in St. Louis. HIV

Clin. Trials 3, 155–160.

Soriano, V., Gomes, P., Heneine, W., Holguin, A., Doruana, M., Antunes, R.,

Mansinho, K., Switzer, W.M., Araujo, C., Shanmugam, V., Lourenco, H.,

Gonzalez-Lahoz, J., Antunes, F., 2000. Human immunodeficiency virus

type 2 (HIV-2) in Portugal: clinical spectrum, circulating subtypes, virus

isolation, and plasma viral load. J. Med. Virol. 61, 111–116.

Vandamme, A.M., Sonnerborg, A., Ait-Khaled, M., Albert, J., Asjo, B., Bacheler,

L., Banhegyi, D., Boucher, C., Brun-Vezinet, F., Camacho, R., Clevenbergh,

P., Clumeck, N., Dedes, N., De Luca, A., Doerr, H.W., Faudon, J.L., Gatti, G.,

Gerstoft, J., Hall, W.W., Hatzakis, A., Hellmann, N., Horban, A., Lundgren,

J.D., Kempf, D., Miller, M., Miller, V., Myers, T.W., Nielsen, C., Opravil, M.,

Palmisano, L., Perno, C.F., Phillips, A., Pillay, D., Pumarola, T., Ruiz, L.,

Salminen, M., Schapiro, J., Schmidt, B., Schmit, J.C., Schuurman, R., Shulse,

E., Soriano, V., Staszewski, S., Vella, S., Youle, M., Ziermann, R., Perrin, L.,

2004. Updated European recommendations for the clinical use of HIV drug

resistance testing. Antiviruse Ther. 9, 829–848.

Violin, M., Cozzi-Lepri, A., Velleca, R., Vincenti, A., D’Elia, S., Chiodo, F.,

Ghinelli, F., Bertoli, A., d’Arminio, M.A., Perno, C.F., Moroni, M., Balotta,

C., 2004. Risk of failure in patients with 215 HIV-1 revertants starting their

first thymidine analog-containing highly active antiretroviral therapy. AIDS

18, 227–235.

Wegner, S.A., Brodine, S.K., Mascola, J.R., Tasker, S.A., Shaffer, R.A., Starkey,

M.J., Barile, A., Martin, G.J., Aronson, N., Emmons, W.W., Stephan, K.,

Bloor, S., Vingerhoets, J., Hertogs, K., Larder, B., 2000. Prevalence of

genotypic and phenotypic resistance to anti-retroviral drugs in a cohort of

therapy-naive HIV-1 infected US military personnel. AIDS 14, 1009–1015.

Weinstock, H., Respess, R., Heneine, W., Petropoulos, C.J., Hellmann, N.S.,

Luo, C.C., Pau, C.P., Woods, T., Gwinn, M., Kaplan, J., 2000. Prevalence of

mutations associated with reduced antiretroviral drug susceptibility among

human immunodeficiency virus type 1 seroconverters in the United States,

1993–1998. J. Infect. Dis. 182, 330–333.

Wensing, A.M., van de Vijver, D.A., Angarano, G., Asjo, B., Balotta, C., Boeri,

E., Camacho, R., Chaix, M.L., Costagliola, D., De Luca, A., Derdelinckx, I.,

Grossman, Z., Hamouda, O., Hatzakis, A., Hemmer, R., Hoepelman, A.,

Horban, A., Korn, K., Kucherer, C., Leitner, T., Loveday, C., MacRae, E.,

Maljkovic, I., de Mendoza, C., Meyer, L., Nielsen, C., Op de Coul, E.L.,

Ormaasen, V., Paraskevis, D., Perrin, L., Puchhammer-Stockl, E., Ruiz, L.,



A.C. Palma et al. / Infection, Genetics and Evolution 7 (2007) 391–398398
Salminen, M., Schmit, J.C., Schneider, F., Schuurman, R., Soriano, V.,

Stanczak, G., Stanojevic, M., Vandamme, A.M., Van Laethem, K., Violin,

M., Wilbe, K., Yerly, S., Zazzi, M., Boucher, C.A., 2005. Prevalence of

drug-resistant HIV-1 variants in untreated individuals in Europe: implica-

tions for clinical management. J. Infect. Dis. 192, 958–966.
Yerly, S., Rakik, A., De Loes, S.K., Hirschel, B., Descamps, D., Brun-Vezinet,

F., Perrin, L., 1998. Switch to unusual amino acids at codon 215 of the

human immunodeficiency virus type 1 reverse transcriptase gene in ser-

oconvertors infected with zidovudine-resistant variants. J. Virol. 72, 3520–

3523.


	Molecular epidemiology and prevalence of drug resistance-associated mutations in newly diagnosed HIV-1 patients in Portugal
	Introduction
	Materials and methods
	Study population
	Data collection
	Sample processing
	Resistance and subtype analysis
	Statistical analysis

	Results
	Demographical and epidemiological data
	HIV-1 subtyping
	Prevalence of transmitted resistance

	Discussion
	Acknowledgments
	Appendix A
	References


