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and Vincent Soriano,1 on behalf of the Spanish HIV Seroconverter
Study Groupa

1Service of Infectious Diseases, Hospital Carlos III, and 2Centro Sanitario
Sandoval, Madrid, 3Service of Microbiology, Hospital de la Ribera, and 4Service
of Immunology, Hospital General, Valencia, 5Service of Microbiology, Hospital
Universitario, Granada, 6Service of Microbiology, Hospital Clinico, Valladolid,
7Service of Microbiology, Hospital Central de Asturias, Oviedo, 8Service
of Microbiology, Hospital Marques de Valdecilla, Santander, 9Department
of Internal Medicine, Hospital Reina Sofia, Córdoba, 10Department of Internal
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The prevalence of drug resistance mutations was 12.1%

among 198 persons who experienced human immunodefi-

ciency virus (HIV) seroconversion identified in Spain during

1997–2004. There was a significant increase of K103N and

of non-B subtypes over time. Transmission of HIV infection

around the time of seroconversion was shown in 8 couples

and in 2 clusters of 3 individuals.

Several studies of surveillance of drug resistance among persons

who have recently experienced HIV-1 seroconversion (here-

after, “HIV-1 seroconverters”) have been conducted in the

United States and Europe over recent years [1, 2]. The overall

prevalence of primary drug resistance is ∼10%–15%, with some

differences among regions and time periods. In Spain, studies

conducted during the 1990s demonstrated a steadily decrease

in the rate of genotypic resistance among drug-naive individuals
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with chronic HIV-1 infection up to the year 2000 [3, 4]; the

rate has remained stable since then [5].

Studies of persons with recent HIV-1 infection are of interest,

considering the implications of primary drug resistance for

designing first-line therapies [6]. Moreover, it may provide a

unique opportunity to monitor the spread of new HIV-1 var-

iants within a region [7, 8] and to track the source of new

infections [9]. Herein, we analyzed the prevalence of drug re-

sistance mutations, non-B subtypes, and transmission events

during episodes of acute infection among a relatively large pop-

ulation of HIV-1 seroconverters identified in Spain since 1997.

Patients and methods. All consecutive individuals with

new HIV-1 infection seen during the period of January 1997

through December 2004 at 15 different hospitals distributed

across Spain (Valencia, Elche, Granada, Málaga, Córdoba, Val-

ladolid, La Coruña, Santiago de Compostela, Oviedo, Santan-

der, Tarragona, Barcelona, Badalona, Santa Cruz de Tenerife,

and Madrid) were examined. Recent HIV-1 seroconverters were

defined as patients with laboratory evidence of acute primary

HIV-1 infection (detectable plasma HIV RNA level together

with negative or indeterminate HIV antibody test result); reac-

tivity on the Combo assay, with positive results for antigen

detection and negative results for antibodies; or seropositivity

for HIV-1 infection (by reactive ELISA and Western blot) hav-

ing had negative results of a prior test performed within the

previous 12 months.

Measurement of plasma HIV RNA level was performed using

the third-generation branched DNA assay (Versant v3.0; Bayer).

The lower limit of detection of this assay is 50 copies/mL. The

CD4+ T lymphocyte count was determined by flow cytometry

(Coulter) using fluorescein-labelled antibodies. Genetic se-

quence analyses of both HIV-1 reverse transcriptase and pro-

tease genes were performed with plasma specimens using the

Viroseq HIV-1 kit (Abbott Laboratories) using an automatic

sequencer (ABI Prism 3100; Celera Diagnostics). For the pur-

pose of this study, only major or primary drug resistance mu-

tations recorded in the latest International AIDS Society–USA

panel list were considered [10].

To determine the HIV-1 subtype and to explore possible trans-

mission events during episodes of acute infection, pol sequences

from this population were compared with reference strains, as

well as among them. All sequences were aligned with HIV-1

group M reference sequences [11] using the Clustal X method

(MegAlign, Lasergene; DNASTAR). Phylogenetic analyses were

performed using the Phylip software package, version 3.5c (J.

Felsenstein, University of Washington, Seattle). Evolutionary dis-
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Table 1. Main characteristics of the study population of pa-
tients with recent HIV-1 seroconversion.

Variable Value

No. of patients 198
Male sex, % of patients 83.2
Age, mean years 31
Risk group, % of patients

Men who have sex with men 70
Heterosexual 19.5
Intravenous drug user 10
Blood transfusion recipient 0.5

Time from infection to study enrollment,
median months (IQR) 8 (4–11)

CD4 cell count, median cells/mm3 (IQR) 570 (403–734)
Viral load, median log HIV-RNA copies/mL (range) 4.63 (4.14–5.1)
No. of patients with drug-resistance mutations

All 24 (12.1)
NRTI mutations

All 19 (9.6)
T215Ya 12 (6.1)
M41L 9 (4.5)
L210W 3 (1.5)
V118I 3 (1.5)
M184V 2 (1)
D67N 2 (1)
T69N 1 (0.5)
L74V 1 (0.5)
K219Q 1 (0.5)

NNRTI mutations
All 8 (4)
K103N 6 (3)
Y181C 2 (1)

PI mutations
All 4 (2)
M46L/I 3 (1.5)
V82A/T/S 2 (1)
L90M 2 (1)

NOTE. Data are no. (%) of patients, unless otherwise indicated. IQR,
interquartile range; NNRTI, non-nucleoside reverse transcriptase inhibitors;
NRTI, nucleoside reverse transcriptase inhibitors; PI, protease inhibitors.

a Revertant forms were considered at position 215.

tances were estimated with Dnadist (Kimura 2-parameter

method), and phylogenetic relationships were determined by

Neighbor (neighbor-joining method). The branch reproducibil-

ity of trees was evaluated using Seqbot (1000 replicates) and

Consense.

To confirm transmission events during episodes of acute

HIV-1 infection, in addition to pol sequences, the v2v3 region

from the env gene was additionally sequenced and analyzed,

with use of conditions described elsewhere [12]. As recom-

mended, all samples were run separately, and a new specimen

obtained from each patient was used to exclude cross-contam-

ination [13].

Baseline characteristics of the study population are recorded

as percentages, means with SDs, or median values with 25%–

75% interquartile ranges. The rate of drug-resistance mutations

was expressed as percentage. Student’s t test was used to com-

pare quantitative variables, and the x2 test was used to compare

qualitative parameters. The Cochran Mantel-Haenszel test was

used to determine the significance of changes in the rate of

drug-resistance mutations by year. Nonparametric tests were

used to compare the proportions of patients infected with HIV-

1 non-B subtypes by route of infection. Significant differences

those with a P value of !.05. All reported P values were 2-

sided.

Results. A total of 198 recent HIV-1 seroconverters were

identified. The main characteristics of the study population are

shown in table 1. Overall, 83.2% of subjects were men, and

70% were infected through male-male sex. The mean estimated

duration of HIV-1 infection was 8 months. The mean plasma

HIV RNA level and CD4+ cell count at the time of the analysis

were 4.6 log copies/mL and 570 cells/mL, respectively.

The overall prevalence of drug-resistant viruses in this pop-

ulation was 12.1% (24 of 198 patients). With regard to drug

types, the prevalences were 9.6% (19 patients), 4% (8 patients),

and 2% (4 patients) for nucleoside reverse-transcriptase inhib-

itors (NRTIs), nonnucleoside reverse-transcriptase inhibitors

(NNRTIs), and protease inhibitors, respectively (table 1). By

calendar year, the prevalences were 33.3% for 1997, 29.4% for

1998, 20% for 1999, 14.3% for 2000, 3.3% for 2001, 14.3% for

2002, 10% for 2003, and 7.7% for 2004 (figure 1). A linear-

by-linear association showed a significant reduction in the over-

all prevalence of drug resistance among recent HIV-1 serocon-

verters over time ( ). This was mainly driven by aP p .007

significant decrease in the rate of NRTI resistance mutations

in recent years ( ). In contrast, a significant increase inP p .001

the prevalence of NNRTI resistance mutations was noticed in

recent years, mainly driven by K103N. Although this mutation

was absent before the year 2002, the prevalence increased to

4% in 2003 and to 7.7% in 2004 ( ). Drug resistanceP p .036

to protease inhibitors remained relatively stable during the

whole study period, with identification of mutations at codons

46, 82, and 90 as the main transmitted protease resistance mu-

tations (table 1).

A total of 15 individuals (7.6%) were infected with HIV-1

non-B subtypes, distributed as follows: CRF14_BG (7 patients),

F (2 patients), BF (2 patients), C (2 patients), and CRF02_AG

(2 patients). Interestingly, the recognition of all of these non-

B variants was restricted to the last 3 years of the study period.

Moreover, a significant association between infection with non-

B subtypes and acquisition of HIV-1 through injection drug

use (38.9% of patients; ) and heterosexual sex (11.4%;P ! .001

) was noticed, compared with patients who acquiredP ! .05

HIV-1 through male-male sex (1.6%). Lastly, CRF14_BG vi-
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Figure 1. Yearly prevalence of viruses with resistance mutations to the different antiretroviral drug classes during the study period. NNRTIs,
nonnucleoside reverse-transcriptase inhibitors; NRTIs, nucleoside reverse-transcriptase inhibitors; PIs, protease inhibitors.

ruses were identified in 5 injection drug users and 2 individuals

infected via heterosexual sex. Of the latter 2 patients, one was

a Spanish man who admitted to having multiple sex partners,

including partners who were injection drug users, and the other

was a Portuguese woman with a former sex partner from Mo-

zambique who was known to be HIV-1 seropositive.

Phylogenetic analyses of pol gene sequences identified 8 clus-

ters that involved 2 subjects and 2 clusters that involved 3

individuals, suggesting that transmission of HIV-1 occurred

around the time of primary HIV-1 infection or soon thereafter

(figure 2). These results were further confirmed with the analy-

sis of the v2v3 region and in prospective samples obtained from

these individuals thereafter (data not shown). Overall, subtype

B represented 86% of viruses (19 patients) involved in these

clusters, 68% of which (15 patients) occurred among men who

have sex with men. Interestingly, 1 cluster involved 3 injection

drug users, all of whom acquired virus with CRF14_BG within

an interval of 4 weeks. Another cluster involved an unfortunate

transfusion-transmitted infection with a clade B virus from a

donor who was in the earlier phases of acute HIV-1 infection,

the details of which have been reported elsewhere [14]. Geo-

graphical linkage was confirmed for all clusters, whereas an

epidemiological relationship was only proven for 6 of them

(figure 2). Interestingly, no drug-resistance mutations were rec-

ognized in viruses recovered from subjects involved in clusters

of recent HIV-1 infection.

Discussion. We found that the current prevalence of drug

resistance among recent HIV-1 seroconverters in Spain is

∼10%. This frequency is in agreement with that reported in

similar studies conducted in the United States and in western

Europe, in which the prevalence of drug resistance is 10%–

15% [1, 2]. Prior studies from Spain have highlighted a trend

towards a reduction in the rate of transmission of drug-resistant

HIV-1 in recent years [3–5]. Herein, we show that this prev-

alence seems to have been stabilized at ∼10% for the past 3

years. However, a significant change was found in the genotypic

profile, with the prevalence of NRTI resistance mutations stead-

ily decreasing while the prevalence of NNRTI resistance has

increased, mainly driven by an increasing rate of K103N. Sim-

ilar findings have been reported among seroconverters in San

Diego, California [1]. Several reasons may account for this

phenomenon. First, the rate of exposure to efavirenz has in-

creased substantially during the past few years, therefore in-

creasing the opportunities to select K103N in the treatment-

experienced population. Moreover, most NNRTI resistance

mutations do not compromise significantly viral fitness and

may be transmitted quite efficiently [15]. Finally, this mutation

may persist for long periods after being transmitted [16], which

is consistent with the establishment of widespread infection

with a pure population of drug-resistant viruses.

The overall prevalence of non-B subtypes in our study of

recent HIV-1 seroconverters was relatively low (7.6%). How-

ever, all infections with non-B viruses were seen within the last

3 years of the study period. Similar findings have been reported

in Italy [8]. An interesting finding in our study was the asso-

ciation between non-B subtypes and risk behaviors other than

male-male sex. A total of 7 CRF14_BG viruses were identified

in our population. This new recombinant virus was originally

described among injection drug users in the northern part of

Spain and Portugal in 2001 [17]. To our knowledge, we report,
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Figure 2. Phylogenetic tree based on pol sequences belonging to individuals with recent HIV-1 infection and possible transmission clusters. Clusters
are shown in boldface. The year of HIV-1 seroconversion is marked in parenthesis. Linkages supported with epidemiological information are indicated
with a cross. Reference sequences are marked first with the initials of the subtype followed by the initials of the country. Bootstrap values of 150%
are indicated on the branches. GenBank accession numbers of sequences from seroconverters are AY209177, AY209178 and DQ103891 to DQ103910.

for the first time, episodes of primary HIV-1 infection caused

by the CRF14_BG strain. Interestingly, 2 of these infections

occurred in persons infected via heterosexual sex, whereas a

cluster of 3 CRF14_BG infections were documented in a group

of injection drug users who shared needles.

For 22 (11.1%) of 198 individuals, we found strong evidence

in favor of transmission of HIV-1 around the time of sero-

conversion in the index case. Despite its relative genetic con-

servation, the HIV-1 pol gene has been shown to hold sufficient

genetic variability to allow adequate subtyping by phylogenetic
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analyses and tracking transmission events [18]. With use of

these methods, a high rate of transmission of HIV-1 during

primary infection has been described recently in the United

Kingdom [9]. This is not surprising, taking into account the

high viral load generally seen during acute HIV-1 infection and

the risky unprotected behaviors in which may be engaged in-

dividuals who are not aware of their HIV-positive status. We

identified a total of 10 transmission clusters, 2 of which involved

3 individuals each. One of the latest was represented by a group

of 3 injection drug users infected with a CRF14_BG strain, as

mentioned above. A blood donor in the window period trans-

mitted HIV-1 to a transfusion recipient [14]. The remaining

clusters of HIV-1 transmission were identified among men who

have sex with men. In all but 4 of these paired infections, an

epidemiological link could be found, supporting the theory that

HIV-1 was transmitted from one to the other. In the rest, casual

encounters with unknown sex partners most likely occurred.

In summary, the current prevalence of primary drug resis-

tance among recent HIV-1 seroconverters in Spain seems to

have been stabilized at ∼10%, although 3 new details merit

particular attention. First, resistance to NNRTIs is now the most

frequently transmitted resistance mutation. Second, non-B sub-

types are responsible for a growing proportion of new HIV-1

infections, and the new CRF14_BG is spreading in Spain,

mainly among injection drug users and their sex partners.

Third, the recognition of clusters of infections associated with

transmissions that occur during acute HIV-1 infection provides

emphasis that prevention strategies should be reinforced in

risky populations.
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