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Background. APOBEC3-mediated cytidine deamination produces G—A substitutions in HIV genomes, described in proviral
DNA but detectable in plasma HIV-1 RNA using NGS. APOBEC-signature mutations reflect G—A enrichment substitutions,
whereas APOBEC-context mutations are substitutions at drug resistance-associated positions compatible with APOBEC editing.
We evaluated theirprevalence and impact on resistance interpretation.

Methods. We retrospectively analysed plasma HIV-1 NGS-sequences from antiretroviral-naive individuals in 2022-2023.
Sequencing was performed in participating laboratories, and FASTQ centrally reanalyzed using DeepChek. APOBEC-signature
mutations, APOBEC-context drug resistance mutations (DRMs), and stop codons were assessed in protease, reverse
transcriptase, and integrase at 1%, 3%, and 5% thesholds.

Results. Among 290 individuals, 268 had complete NGS. At 1%, APOBEC-signature mutations were detected in 159
individuals and APOBEC-context DRMs in 64 (22%). Both patterns coexisted in 52 (18%), decreasing to 17 (6%) and 8 (3%) at
3% and 5% thresholds. Certain mutations, including M184I, G190E, G140S, and R263K, remained detectable at higher
thresholds. R263K co-occurred with multiple APOBEC-signature mutations and stop codons indicating extensive APOBEC-

mediated editing.

Conclusions. APOBEC-associated mutations are detectable in plasma HIV-1 RNA and may affect resistance interpretation.
Conservative frequency thresholds (5%) APOBEC-signatures evaluation may reduce misclassification of APOBEC-induced

variants as clinically relevant resistance.
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The apolipoprotein B mRNA editing enzyme catalytic
polypeptide-like 3 (APOBECS3) family constitutes a key compo-
nent of the intrinsic antiviral immune response against HIV-1.
APOBECS3 proteins, particularly APOBEC3G and APOBEC3F,
restrict viral replication by deaminating cytidine residues dur-
ing reverse transcription, resulting in guanosine-to-adenosine
(G—A) substitutions in the viral DNA genome [1, 2]. While

Received 28 January 2026; accepted 24 April 2026; published online 4 June 2026

®Equal contribution to this paper.

Correspondence: Adolfo de Salazar, Pharm D., PhD., Hospital Universitario San Cecilio,
Instituto Investigacion Biosanitaria Ibs.Granada, Av. del Conocimiento S/N, Granada 18016,
Spain. (adolsalazar@gmail.com). Federico Garcia, Pharm D., PhD., Hospital Universitario San
Cecilio, Instituto Investigacion Biosanitaria Ibs.Granada, Av. del Conocimiento S/N, Granada
18016, Spain. (fegarcia@ugr.es).

The Journal of Infectious Diseases® 2026;234:¢477-85

© The Author(s) 2026. Published by Oxford University Press on behalf of Infectious Diseases
Society of America.

This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse,
distribution, and reproduction in any medium, provided the original work is properly cited.
https://doi.org/10.1093/infdis/jiag277

extensive APOBEC-mediated editing frequently leads to lethal
hypermutation and defective proviruses, lower levels of
APOBEC activity can leave characteristic G—A mutational
footprints in viral sequences, particularly within well-described
APOBEC target motifs. These patterns can be recognized
in sequence datasets and are commonly used to infer
APOBEC-mediated editing in HIV genomic analyses [3].
Although APOBEC-driven mutations are more commonly
described in cell-associated HIV-1 DNA [4, 5], they can also
be detected in plasma HIV-1 RNA, indicating that
APOBEC-associated mutational patterns may be present in cir-
culating virus despite incomplete elimination of viral genomes
by APOBEC activity [6, 7]. In plasma, these mutations are often
present at low frequencies and may escape detection by con-
ventional Sanger sequencing. However, the increasing imple-
mentation of next-generation sequencing (NGS) for
resistance testing has markedly improved sensitivity for minor-
ity variants, thereby increasing the likelihood of identifying
APOBEC-related mutations in circulating virus.
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This has important implications for the interpretation of
HIV drug resistance. Several amino acid substitutions at posi-
tions associated with antiretroviral resistance can arise as a di-
rect consequence of APOBEC-mediated G—A editing rather
than antiretroviral selective pressure [3, 8]. The Stanford
HIV Drug Resistance Database has
distinction by defining APOBEC signature mutations, which

formalized this

reflect an overall enrichment of APOBEC-related editi-g, and
APOBEC-context mutations, corresponding to specific substi-
tutions at drug resistance-associated positions consistent with
known APOBEC target motifs [9]. APOBEC-signature muta-
tions refer to a broader pattern of G— A substitutions occurring
in characteristic APOBEC target sequence contexts (typically
5'-GG—AG or 5-GA—AA), reflecting the cumulative activity
of APOBEC enzymes across the viral genome [10-12]. In con-
trast, APOBEC-context mutations correspond to specific nu-
cleotide substitutions at drug resistance-associated positions
that occur within known APOBEC target motifs and may
therefore arise as a direct consequence of APOBEC editing
[13-15]. The identification of multiple APOBEC-signature mu-
tations within the same sequence supports the presence of
APOBEC-mediated editing and may help interpreting whether
APOBEC-context mutations are likely to reflect APOBEC ac-
tivity rather than antiretroviral selective pressure [16, 17].
Importantly, APOBEC-context mutations occurring in isola-
tion, without accompanying APOBEC-signature mutations,
may represent genuine resistance-associated variants [3]. In
the setting of NGS-based plasma genotyping, failure to recog-
nize these mutations may lead to misclassification of
APOBEC-induced changes as clinically relevant resistance,
particularly when APOBEC-context DRMs are detected in
sequences that also display broader APOBEC-associated
patterns, such as multiple APOBEC-signature mutations or
stop codons consistent with hypermutation. In this study, we
analyze APOBEC-context DRMs in plasma HIV-1 sequences
generated by NGS, highlighting their prevalence and empha-
sizing the need for careful interpretation to avoid overestima-
tion of antiretroviral resistance in clinical and surveillance
settings.

METHODS

We performed a retrospective analysis of plasma HIV-1 se-
quences from newly diagnosed individuals included in the
CoRIS resistance work-package, with NGS data available be-
tween 2022 and 2023. CoRIS is an open, prospective cohort en-
rolling antiretroviral-naive people with HIV aged >13 years
and followed at HIV units across Spain [18, 19]. All individuals
were antiretroviral-naive at the time of sampling. A small num-
ber of additional individuals fulfilling the same eligibility crite-
ria and managed under the same clinical and analytical
workflow were also included. NGS-based resistance testing

was performed in participating clinical microbiology laborato-
ries as part of routine clinical care using Illumina sequencing
platforms (MiSeq, n =4; iSeq, n =1, NextSeq, n=1). Plasma
samples were generally collected in K2-EDTA tubes and pro-
cessed according to the standard procedures of each participat-
ing center: blood samples were collected in hospital settings
and transported to a central reception area, from which they
were distributed to the corresponding microbiology laborato-
ries. Plasma was separated according to routine clinical work-
flows and stored at —80°C until processing. RNA was
extracted from plasma samples typically obtained from 300-
1000 pL of plasma, depending on local laboratory protocols
(EZ1 Advanced XL (QIAGEN), n=2; NucliSENS®
easyMAG®  (bioMérieux), MagCore® HF16
Automated Nucleic Acid Extractor (RBC Bioscience Corp.),
n=1; TANBead® Nucleic Acid Extractor, n=1) following
the protocols implemented in each center. Pre-analytical time-

n=2;

lines, including time from collection to processing, were not
standardized across centers and reflect real-world clinical prac-
tice. DNase treatment or specific assessment of HIV DNA car-
ryover was not routinely performed, in accordance with
standard protocols provided by the manufacturers and com-
monly applied in clinical diagnostic laboratories. In general,
samples processed for genotypic resistance testing correspond
to individuals with plasma HIV-1 RNA levels above 500—
1000 copies/mL, reflecting standard clinical practice across
centers.

Amplification of the HIV-1 genomic regions of interest (pro-
tease, reverse transcriptase and integrase) was performed using
commercially available NGS resistance genotyping Kkits:
HIV-1 (https://www.
arrowdiagnostics.it/en/news/view.php?id=5), n=3; HIV-1

Solution v2, Arrow Diagnostics

Protease/reverse transcriptase & Integrase Genotyping and
Drug Resistance ABL Diagnostics (https://www.abldiagnostics.
com/products/hiv-genotyping-drug-resistance/, n = 3), accord-
ing to the protocols implemented at each center. These sequenc-
es were generated as part of routine clinical care and therefore
reflect real-world laboratory practices across the participating
sites. Raw sequencing data (FASTQ files) generated at the partic-
ipating centers were subsequently transferred to the coordinat-
ing center for centralized analysis. All FASTQ files were
reanalyzed in batch using DeepChek® [20]. Variant calling
and sequence analysis were performed using uniform quality
control criteria applied to all samples. These included a variant
frequency cutoff of 1%, a minimum coverage of 100 reads at
the nucleotide position of interest, and a minimum base quality
score (Q-score) > 20. These filters were applied to minimize the
contribution of low-confidence calls and sequencing back-
ground noise to mutation detection.

APOBEC-context DRMs and APOBEC-signature mutations
were identified and evaluated according to established defini-
tions provided in the Introduction. Both APOBEC-
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signature and -context mutations were identified according to
the Stanford HIV Drug Resistance Database. For each muta-
tion, relative prevalence was calculated, and sequence reliability
was assessed using the quality index of precision (Q-score). In
addition, the presence of stop codons was recorded as a marker
of extensive APOBEC-mediated editing.

Within the CoRIS cohort, all participants provided written
informed consent, and the study protocol was approved by
the ethics committees of all participating centers. Artificial in-
telligence—based tools were used exclusively for language edit-
ing and clarity improvement; no Al tools were used for data
analysis, data interpretation, or decision-making.

RESULTS

A total of 290 people living with HIV were included in the anal-
ysis; among them, 268 had NGS data available for all 3 genomic
regions (protease, reverse transcriptase, and integrase). Using a
1% frequency cutoff, APOBEC-signature mutations were de-
tected in 159 individuals, and APOBEC-context DRMs were
identified in 64 participants (22%). The coexistence of
APOBEC-signature mutations and APOBEC-context DRMs
was observed in 52 individuals (18%) using a 1% cutoff, de-
creasing to 17 (6%) and 8 (3%) when applying frequency
thresholds of 3% and 5%, respectively. No relevant differences
in the detection of APOBEC-associated patterns were observed
across participating centers.

APOBEC-context DRMs were identified across all 3 genomic
regions analyzed (protease, reverse transcriptase, and inte-
grase), with marked differences in prevalence according to
the frequency cutoff applied. At the 1% threshold,
APOBEC-context mutations were most frequently observed
in reverse transcriptase, particularly M184I and M230I, where-
as fewer mutations were detected in protease and integrase.
Increasing the threshold to 3% and 5% resulted in a marked re-
duction in the number of detected APOBEC-context mutations
across all regions, consistent with the expected loss of low-
frequency variants at more stringent cutoffs.

Several mutations observed at the 1% cutoff were no longer
detected at higher thresholds, particularly in protease and re-
verse transcriptase. This effect reflects the general reduction
in the detection of low-frequency variants when higher thresh-
olds are applied in NGS analyses, which may also affect other
types of sequence variants such as polymorphisms, DRMs, or
stop codons. Notably, M184I and G190E in reverse transcrip-
tase, as well as G140S and R263K in integrase, remained detect-
able at higher cutoffs, although with markedly lower
frequencies (Table 1).

According to the Stanford HIV Drug Resistance Database
interpretation, the identified APOBEC-context mutations
were associated with predicted reduced susceptibility or resis-
tance to drugs from all major antiretroviral classes (Table 1).

Table 1. APOBEC-context Drug Resistance Mutations Detected in
Plasma HIV-1 by Next-Generation Sequencing at Different Frequency
Cutoffs. APOBEC-context Drug Resistance Mutations (DRMs) Detected in
the Protease (PR), Reverse Transcriptase (RT), and Integrase (IN)
Regions Using Frequency Thresholds of 1%, 3%, and 5%. Numbers
Indicate the Count of Individuals With Each Mutation. the Predicted
Impact on Antiretroviral Drug Susceptibility is Reported According to
the Stanford HIV Drug Resistance Database Interpretation

1%-Cutoff  3%-Cutoff 5%-Cutoff Impact
PR D30N 3 2 1
M46| 18 2 1
G73S 8
RT D67N 4 AZT(I)
E138K 3 RPV(I)
M184| 32 3 1 3TC/FTC (R); ABC (I)
G190E 6 1 1 EFV, DOR, RPV (R);
ETV(I)
M230I 32 8 RPV ()
IN  E138K 5 CAB(l)
G140S 4 2 1 CAB (I)
G140R 2 CAB(R)
R263K 5 3 3 CAB(R); BIC, DTG (I)

These included nucleos(t)ide reverse transcriptase inhibitors
(eg, M184I affecting lamivudine/emtricitabine and abacavir),
non-nucleoside reverse transcriptase inhibitors (eg, G190E
and E138K impacting efavirenz, doravirine, rilpivirine, and
etravirine), and integrase strand transfer inhibitors (eg,
G140S/R and R263K affecting cabotegravir, with intermediate
impact on bictegravir and dolutegravir). In contrast,
APOBEC-context mutations detected in protease were not
associated with a predicted impact on protease inhibitor sus-
ceptibility. These interpretations correspond to the resistance
profiles assigned by the Stanford algorithm when such substi-
tutions are considered individually at known drug resistance
positions.

When restricting the analysis to variants detected at a > 5%
frequency threshold, distinct APOBEC-associated mutational
patterns were observed in reverse transcriptase and integrase
(Tables 2). In reverse transcriptase, sequences harboring
APOBEC-context mutations M184I and G190E showed a lim-
ited number of accompanying APOBEC-signature mutations,
with few additional APOBEC-consistent substitutions and a
low prevalence of stop codons. In contrast, a markedly different
pattern was observed in integrase sequences carrying the
APOBEC-context mutation R263K. At the 5% cutoff, R263K
was frequently associated with a high number of concomitant
APOBEC-signature mutations, consistent with widespread
APOBEC-mediated editing. Notably, sequences containing
R263K also exhibited a high prevalence of stop codons, indica-
tive of extensive G—A hypermutation and the likely
presence of defective viral genomes. This enrichment of
APOBEC-signature mutations and stop codons was substan-
tially greater than that observed for APOBEC-context
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Table 2. APOBEC-Context Drug Resistance Mutations Detected at >5% Frequency and Associated APOBEC-signature Mutations Across Protease,
Reverse Transcriptase, and Integrase

APOBEC-context

APOBEC-Signature

(%) Gene (PRO) APOBEC-Signature (RT) APOBEC-Signature (IN) Subtype  Viral Load
D30N (14%) PRO  none none E152K; E157K B 1205
M46! (8%) PRO  G40E; G40R; W42*%; G18S; G45R; G51R; EB3K; W71%;  E48K; D64N; E69K; E87K; G106E; W131*; B 53375
G48R; G51R; G52S; R72K; E79K; G93E; G152E; W132*; G140E; G149R; E157K; R166K;
GB86E; G86R W153*; D186N; W229*; E233K; D167N; G192R; E198K; R199K; G237R;
W239%; W252*; W266*; G285E; W243*%; E246K; G247R; R262K
E302K; E306K
M1841 (6%) RT W24*: G112S; D185N none E152K B 564
G190E (12%) RT W42* R72K; E89K G47E; E48K; E157K; R224Q B 531
G140S (13%) IN none G384E none B 8500
R263K (7%) IN D29N; W42*; G48R; G15R; G18R; G18S; M41l; G45R; E48K; D55N; D64N; E69K; E85K; ES7K; Al 506 251
G49R; G51R; Gb2S G51R; E53K; W71*; R72K; E79K; G106E; R107K; W131*; W132*; E152K;
G99R; G152E; W153*; E233K; E157K; R166K; D167N; E170K; M178I;
W252*; W266*; G285E; E305K G192R; E198K; R199K; R228K; W235*%,
W243*; E246K; R262K
R263K (7%) IN D29N; W42*; G48R; G15R; G18R; G18S; M41| E48K; E69K; G70R; G82S; E85K; E87K; B 7611086
Gb1R; Gb2S G45R; G51R; E53K; W71*; E92K; G106E; R107K; G149E; E157K;
G152E; W153*; W229*; W239%; R166K; E170K; G192R; E198K; R199K;
E302K W235%; W243*; E246K; G247R; D256N;
R262K; G272R
R263K (8%) IN W42*; G48R; G51R; G15R; G18R; G18S; M411; G45R; D55N; D64N; E69K; E87K; E92K; R107K; 79823

Gb2S; G86R

G51R; EB3K; W71*; R72K;
W88*; G93E; D110N; G152E;

W153*; W229*; E233K; W252*%;

G262R; W266*; E305K

W131*; G149R; E152K; R166K; D167N;
E170K; E198K; R199K; W235%; W243*;

E246K; G247R; R262K; G272R

APOBEC-context drug resistance mutations (DRMs) and associated APOBEC-signature mutations detected at a>5% frequency threshold by next-generation sequencing (NGS) in protease
(PR), reverse transcriptase (RT), and integrase (IN). APOBEC-context mutations are defined according to the Stanford HIV Drug Resistance Database and are shown with their corresponding
variant frequency (%). APOBEC-signature mutations represent additional substitutions consistent with APOBEC-mediated G—A editing and are presented by genomic region.
APOBEC-signature mutations presented in bold are those >5% prevalence. The presence of APOBEC-signature mutations in regions different from the APOBEC-context mutation

indicates cross-regional APOBEC-associated patterns within the same sample. The asterisk (*) denotes the presence of a stop codon.

mutations in reverse transcriptase. This effect was also seen for
M46I in the protease.

DISCUSSION

Although APOBEC-mediated mutagenesis has classically
been considered a confounding factor primarily affecting
proviral HIV-1 DNA, our findings demonstrate that
APOBEC-context DRMs and extensive APOBEC-signature
patterns can also be detected in plasma HIV-1 RNA when
NGS is applied. Previous studies, including work by Gifford
et al [21]. and the Stanford group [9, 22], have already high-
lighted the importance of APOBEC-mediated editing in the in-
terpretation of HIV resistance mutations. Our findings extend
these observations by showing that APOBEC-associated pat-
terns may also be detected in NGS-based plasma HIV-1 RNA
sequences obtained in routine clinical practice from newly
diagnosed individuals. The increased sensitivity of NGS
for low-frequency variants makes the identification of
APOBEC-related mutations in plasma more likely, even in
newly diagnosed individuals. This is particularly relevant for
resistance interpretation, as several APOBEC-context muta-
tions affect positions associated with clinically meaningful an-
tiretroviral resistance.

Our findings also suggest that the choice of variant frequency
threshold may substantially influence the interpretation of
NGS-based resistance testing. While lower thresholds such as
1% may increase analytical sensitivity, and may be useful
for exploratory analyses and for detecting the full spectrum
of low-frequency associated variants, they also increase the like-
lihood of detecting low-frequency variants arising from
APOBEC-mediated editing or other background processes. In
this context, our results support, as other studies [23, 24] the
use of more conservative thresholds—around 5%—for routine
clinical resistance interpretation, which may reduce the risk of
misclassifying APOBEC-associated variants as clinically rele-
vant resistance mutations.

Our data support the need to actively screen for APOBEC
signatures when interpreting NGS-based plasma genotypes,
in order to avoid misclassification of APOBEC-induced vari-
ants as resistance mutations and the consequent risk of overes-
timating resistance, especially for integrase strand transfer
inhibitors. For this purpose, the Stanford HIV Drug
Resistance Database may help guide interpretation, although
it does not currently incorporate variant frequency. This con-
cern is especially relevant because some APOBEC-context inte-
grase mutations, such as R263K, were frequently observed
together with multiple APOBEC-signature mutations and
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stop codons, suggesting that they may arise within heavily
APOBEC-edited and potentially defective viral genomes rather
than representing clinically meaningful resistance variants.
These findings should be interpreted in the context of a newly
diagnosed, antiretroviral-naive population, in whom
APOBEC-context mutations are unlikely to reflect prior
treatment-driven selection. In other clinical settings, particu-
larly in treatment-experienced individuals, APOBEC-context
mutations may coexist with genuine drug-selected resistance
mutations and therefore require even more careful contextual
interpretation.

A major limitation of this study is that it relied on short-read
NGS data and did not incorporate long-read sequencing ap-
proaches, such as nanopore-based single-genome sequencing.
Therefore, we cannot conclusively demonstrate linkage be-
APOBEC-context DRMs and

APOBEC-signature mutations or stop codons within the

tween accompanying
same viral genome [25, 26]. Establishing linkage between
APOBEC-context DRMs, accompanying APOBEC-signature
mutations, and stop codons is important because it determines
whether these changes occur within the same viral genome. If
linked, such patterns would support the interpretation that
the resistance-associated substitution is embedded within a
heavily APOBEC-edited, and potentially defective, viral se-
quence [27]. In contrast, if unlinked, the clinical and biological
interpretation may be different [7]. For this reason, long-read
sequencing approaches will be important to define the genomic
structure and relevance of APOBEC-associated variants detect-
ed in plasma. Future studies using long-read sequencing tech-
nologies will be necessary to confirm genomic linkage and to
better delineate the structure of APOBEC-edited viral genomes
detected in plasma.

An additional limitation relates to the potential contribution
of HIV DNA to the analyzed sequences. Pre-analytical condi-
tions, including time from sample collection to plasma separa-
tion and storage, were not standardized across participating
centers and followed routine clinical workflows. This variability
may influence the likelihood of cellular DNA carryover into
plasma samples. In addition, RNA extraction was performed
using automated commercial platforms without DNase treat-
ment, which is not routinely included in manufacturer-
recommended protocols for clinical resistance testing. As a re-
sult, a minor contribution of proviral HIV DNA cannot be
completely excluded and may potentially contribute to the de-
tection of APOBEC-associated mutational patterns. However,
these conditions reflect real-world clinical practice and there-
fore support the generalizability of our findings to routine diag-
nostic settings.

Our analysis was specifically focused on APOBEC-context
DRMs because these are the substitutions most likely to gener-
ate misleading resistance interpretations in routine NGS re-
ports. Although other DRMs may also be detected in these

sequences, our aim was not to provide a comprehensive resis-
tance profile but to assess the subset of variants most directly
related to APOBEC-mediated editing and its potential impact
on clinical interpretation.

We also acknowledge that formal comparison with previous-
ly described computational approaches for detecting
APOBEC-mediated hypermutation, such as the Hypermut
tool available through the Los Alamos HIV Sequence
Database [28], was not the primary objective of this study.
Our approach instead focused on APOBEC-signature muta-
tions, APOBEC-context mutations, and stop codons as com-
plementary markers of putative APOBEC-mediated editing in
NGS-derived plasma sequences. Future studies directly com-
paring these approaches may help refine the interpretation of
APOBEC-associated patterns in plasma HIV-1 RNA.

Overall, our findings highlight that APOBEC-context muta-
tions detected at clinically relevant resistance positions may
arise in distinct biological contexts. While APOBEC-context
mutations in reverse transcriptase can be detected as isolated
events at higher frequencies; of special interest, in our study
the integrase mutation R263K appears to preferentially occur
within heavily APOBEC-edited viral genomes. Accordingly,
APOBEC-context mutations identified by NGS should be in-
terpreted cautiously, particularly when detected at low frequen-
cies or in sequences showing multiple APOBEC-signature
mutations and stop codons. Rather than indicating clinically
meaningful resistance by themselves, such variants may in
some cases reflect APOBEC-mediated editing within biologi-
cally compromised viral populations. Laboratories using NGS
should therefore consider APOBEC-associated metrics when
interpreting resistance results, especially in the setting of highly
sensitive variant detection thresholds.
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Bermejo, Mireia Santacreu, Juan Martin Torres, Belén
Sanchez-Lopez.
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Padilla, Rafael Pascual, Marta Ferndndez, Antonio Galiana,
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Christian
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Juan Gonzalez-Garcia, José Ignacio Bernardino, Ana
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Vilasaro, Juan Francisco Delgado, Germa Julia Agulld.
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Ignacio de los Santos, Alejandro de los Santos, Lucio
Garcia-Fraile, Enrique Martin-Gayo, Ildefonso Sanchez-
Cerrillo, Angela Gutiérrez, Carmen Séez, Ana Barrios
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Centro Sanitario Sandoval (Madrid).

Jorge Del Romero-Guerrero, Montserrat Raposo, Teresa
Puerta-Lopez, Mar Vera, Juan Ballesteros, Begofia Baza,
Laura Dans Villain, Ruben Linares Navarro, Ines Armenteros
Yeguas, Eva Orviz-Garcia, Santiago Fernandez Castelao.

Hospital Clinico Universitario de Santiago (Santiago de
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Antonio Antela, Sandra Daponte, Elena Losada.
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Melchor Riera, Antonio Vanrell, Maria Penaranda, M?
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Hospital Costa del Sol (Marbella).

Julidn Olalla, Javier Pérez, Alfonso del Arco, Javier de la
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Onofre Juan Martinez, Lorena Martinez, Francisco Jesus
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Coruiia).
Castelo,  Pilar
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Hospital Universitario Virgen de la Arrixaca (El Palmar).

Carlos Galera, Marian Ferndndez, Helena Albendin, Antonia
Castillo, Asuncién Iborra, Antonio Moreno, Maria Angustias
Merlos, Almudena Ortuio.

Hospital de la Marina Baixa (La Vila Joiosa).

Concha Amador, Francisco Pasquau, Concepciéon Gil, José
Tomas Algado.

Hospital Universitario Infanta Sofia (San Sebastian de los
Reyes).
Eduardo
Gonzélez-Ruano, M* Pilar Ruiz, Luz Balsalobre, Angela

Inés  Suarez-Garcia, Malmierca, Patricia
Somodevilla, Rebeca Fuerte Martinez.

Hospital Universitario de Jaén (Jaén).

Maria de la Villa Lopez, Mohamed Omar, Carmen Herrero.

Hospital Universitario San Agustin (Avilés).

Miguel Alberto de Zarraga, Desirée Pérez, Carlos Tarrazo,
Juan Valdes Becares.

Hospital Clinico San Carlos (Madrid).

Vicente Estrada, Nieves Sanz, Noemi Cabello-Clotet, Maria
José Nuiiez, Ana Munoz, Juncal Pérez-Somarriba, Reynaldo
Homen, Rafael Rubio-Martin, Susana Olmedo, Julia Barrado.

Hospital Universitario Fundacién Jiménez Diaz (Madrid).

Miguel Gérgolas, Alfonso Cabello, Cristina Algar Arévalo,
Beatriz Alvarez, Laura Prieto, Aws Al-Hayani, Irene Carrillo,
Marta Lopez de las Heras.

Hospital Universitario Principe de Asturias (Alcala de
Henares).

José  Sanz, Cristina  Herndndez-Gutiérrez, Maria
Novella-Mena.

Hospital Clinico Universitario de Valencia (Valencia).

Maria José Galindo, Sandra Pérez Gomez, Ana Ferrer, Anais
Corma Gomez.

Hospital Reina Sofia (Cérdoba).

Antonio Rivero-Roman, Laura Ruiz-Torres, Antonio
Rivero-Judrez, Pedro Lépez-Lépez, Mario Frias-Casas, Angela
Camacho, Ignacio Pérez, Diana Corona, Javier Manuel
Caballero, Marina Gallo Marin, Maria Casares, Lucia
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Rafael Rodriguez-Rosado Martinez-Echevarria.
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