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Background: The rapid replication rate of HIV-1, coupled with a high mutation rate and 

recombination, is the underlying force driving its genetic diversity. In the infected individual, 

a population of highly related but nonidentical strains exists. At the population level, multiple 

subtypes often cocirculate, leading to the generation of intersubtype recombinant forms. As a 

result, the geographic distribution of subtypes and recombinant forms is complex and uneven. 

Genetic subtyping of HIV-1 isolates has been shown to be helpful for understanding the genetic 

evolution, the worldwide spread of the virus, and the evaluation of drug resistance.

Materials and methods: We determined the genetic heterogeneity of HIV-1 group M in 

southwestern Greece. Protease and partial reverse-transcriptase sequences were generated 

from 150 HIV-1-infected individuals attending the Division of Infectious Diseases of Patras 

University Hospital, Greece, from 2006 to 2012, and analyzed using online subtyping tools 

and phylogenetic methods.

Results: The majority of the infected individuals were male (77%). HIV-1 subtype A1 was 

responsible for 51.3% of infections, followed by subtypes B (34%), G (4%), F1 (2%), and the 

circulating recombinant forms 02_AG (2.7%), 14_BG (1.3%), 35_AD (1.3%), and 01_AE (0.7%). 

Additionally, we identified three cases with a recombinant B/CRF02_AG strain (2%) and one 

with a recombinant G/GRF_AG strain. Sexual transmission was responsible for 96.3% of cases. 

Heterosexual transmission was responsible for 70.2% of subtype-A1 infections, whereas sub-

type B was transmitted by men who have sex with men in 75.5% of cases. Protease substitutions 

I13V, E35D, M36I, R57K, H69K, and L89M, which serve as drug-resistance support mutations 

in subtype B, were present in the majority of subtype-A1 sequences of the population.

Conclusion: HIV-1 infection in southwestern Greece is sexually transmitted and highly 

heterogeneous. Subtype A1 has surpassed subtype B, and is the most prevalent strain. In the 

population studied, subtype A1 exhibited certain polymorphisms in the protease region, which 

may serve as drug-resistance support mutations in subtype B.
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Introduction
Various mechanisms guiding HIV-1 evolution within an infected individual lead to viral 

genetic heterogeneity. The high mutation rates, resulting from reverse-transcriptase 

(RT) lack of proofreading activity coupled with a rapid replication rate and 

recombination, ensure that a number of highly related but nonidentical variants are 

produced.1–3 As a result, at the population level, HIV-1 comprises groups, multiple 

subtypes, and intersubtype recombinant forms.

From the four known circulating HIV-1 groups (M, O, N, and P), group M is 

responsible for more than 95% of the global pandemic. It is divided into subtypes A, 
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B, C, D, F, G, H, J, and K.4 These are operational taxonomic 

units of HIV-1 that are approximately the same genetic 

distance from one another.5 Subtypes A and F are further 

divided into sub-subtypes (A1–A5 and F1 and F2). In recent 

years, populations of intersubtype circulating recombinant 

forms (CRFs; http://www.hiv.lanl.gov/content/sequence/

HIV/CRFs/CRFs.html) and multiple unique recombinant 

forms have been identified.

The geographic distribution of HIV-1 group M subtypes 

and intersubtype CRFs is heterogeneous.6–10 The strains that 

predominate in different parts of the world differ significantly. 

For example, subtype B, which accounts for 10% of global 

HIV-1 infections, predominates in the developed world 

(North America, Western and Central Europe, Japan, Latin 

America, and Australia), and is the primary target for 

infection monitoring, antiretroviral drug development, and 

treatment. However, the predominant clades in the rest of 

the world, where the majority of HIV-1 infections occur, 

are non-B variants. For example, the variant responsible for 

50% of infections globally is subtype C, which predominates 

in sub-Saharan countries, eastern and southern Africa, and 

India. Subtype A represents approximately 12% of HIV-1 

infections worldwide, and is prevalent in areas of central and 

eastern Africa and in Eastern European countries.11

Various factors, including increasing population mobil-

ity due to globalization and immigration coupled with 

differences in subtype “fitness” and transmission rates, 

ensure that the worldwide distribution of HIV-1 variants 

remains complex and uneven. This has become evident 

in the developed Western world, where the proportion of 

new non-B infections is rising.12–15 Furthermore, it is also 

evident that HIV-1 increases its genetic diversity glob-

ally via continuous mixing of the existing variants, the 

generation of new recombinant forms, and recombination 

between already recombinant strains. Additionally, the use 

of highly active antiretroviral therapy with nucleoside RT 

inhibitors (NRTIs) and non-NRTIs (NNRTIs), as well as 

protease inhibitors (PIs), though reducing HIV-1 transmis-

sion, morbidity, and mortality, has led to the emergence of 

drug-resistant variants.8,16

Based on this knowledge, one can assume that such 

variations may lead to problems with the use of laboratory 

diagnostic and viral load-measurement assays, as well as the 

prescription of antiretroviral drugs, since certain HIV-1 non-B 

subtypes carry mutations or polymorphisms that may render 

them less-sensitive to specific therapies.17,18 For such reasons, 

as well as for epidemiological purposes, it is important to 

monitor circulating variants in distinct geographic areas.

Genotypic analysis of HIV-1 isolates is the method of 

choice for evaluating drug resistance, as well as understand-

ing the genetic evolution and worldwide spread of the virus. 

Partial sequencing of the polymerase gene of the virus 

(protease and partial RT regions) using automated geno-

typic assays for antiretroviral resistance testing is usually 

performed, and the generated sequences are subtyped by 

means of HIV-sequence databases and bioinformatic tools, 

as well as phylogenetic analysis.19,20

In this study, we investigated the prevalence of HIV-1 

subtypes in southwestern Greece from 2006 to 2012. Samples 

of individuals with established HIV-1 infection attending the 

Division of Infectious Diseases of Patras University Hospital 

(PUH), Greece, were studied and the subtyping results were 

analyzed.

Materials and methods
The data analyzed in this study are part of a service provided 

by the Division of Hematology, Medical School, University 

of Patras, to the Division of Infectious Diseases of PUH. The 

demographic and virologic parameters, dates of diagnosis, 

and the nationality of cases are sent to the Hellenic Center 

for Disease Control and Prevention, and are recorded in an 

electronic database after anonymous matching using birth 

dates, initials, and sex. This has been approved by the Hel-

lenic Data Protection Authority. For the purpose of the current 

study, no informed consent was needed.

The study group included 150 individuals with estab-

lished HIV-1 infection attending the Division of Infectious 

Diseases of PUH from 2006 to 2012. All patients had a viral 

load of at least 1×103 copies/mL and were either treatment-

naïve individuals (n=112) or antiretroviral drug-treated 

individuals experiencing virologic failure (n=38). Peripheral 

blood samples were collected in ethylenediaminetetraacetic 

acid-coated tubes. Plasma was separated by centrifugation 

at 2,500 rpm for 15 minutes. Genotypic analysis, including 

RNA extraction, reverse transcription, polymerase chain 

reaction, and sequencing of the HIV-1 protease and partial 

RT regions of the pol gene, was performed at the Division of 

Hematology, Medical School, University of Patras, using the 

HIV-1 TruGene (TG) genotyping kit (Siemens AG, Munich, 

Germany) and the ViroSeq (VS) HIV-1 genotyping system 

for antiretroviral drug-resistance testing (Abbott Laborato-

ries, Abbott Park, IL, USA), according to the manufacturers’ 

instructions. Samples collected from 2006 to 2009 (n=53) 

were genotyped using the TG method, whereas samples 

collected from 2010 to 2012 (n=97) were genotyped using 

the VS method.
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The nucleotide sequences generated were used for 

subtype analysis, using the National Center for Biotech-

nology Information HIV-subtyping tool (http://www.ncbi.

nlm.nih.gov/projects/genotyping/formpage.cgi) and the 

Rega HIV-1-subtyping tool version 2.0 (http://www.bioaf-

rica.net/rega-genotype/html). Identification of amino acid 

substitutions was performed using the Stanford University 

HIV database program (http://hivdb.stanford.edu). Sub-

sequent analysis, including multiple-sequence alignment 

with MUSCLE21 (multiple-sequence alignment with high 

accuracy and high throughput) and phylogenetic analysis 

with the minimum-evolution method,22 was performed using 

the Molecular Evolutionary Genetics Analysis 5 program 

(MEGA5, www.megasoftware.net).23

Results
Population characteristics and subtype 
distribution
The epidemiological characteristics of the population studied 

are shown in Table 1. The majority of the infected individuals 

were male (77%). The transmission route was established 

for 134 of 150 cases (16 unknown cases). Sexual transmis-

sion was responsible for 96.3% of all cases, and was almost 

equally distributed between heterosexual transmission (50%) 

and transmission by men who have sex with men (MSM; 

46.3%). Additionally, there were five cases (3.7%) of trans-

mission via intravenous drug use (IVDU). The country of 

origin for the majority of the subjects was Greece (82.7%).

The online subtype analysis of the 150 sequences revealed 

77 cases with subtype A1 (51.3%), 51 cases with subtype 

B (34%), three cases with subtype F1 (2%), six cases with 

subtype G (4%), one case with CRF01_AE (0.7%), four cases 

with CRF02_AG (2.7%), two cases with CRF14_BG (1.3%), 

two cases with CRF35_AD (1.3%), three cases with a 

recombinant B/CRF02_AG strain (2%), and one case with 

a recombinant G/CRF02_AG strain (0.7%).

The epidemiological characteristics of each subtype 

identified in this study are shown in Table 2. The prevalent 

route of transmission for the major strains identified in the 

population studied was heterosexual for subtype A1 (70.2%), 

MSM for subtype B (75.5%), and heterosexual for subtype G 

(83.3%). The transmission route for the remaining strains was 

almost equally distributed between heterosexual transmission 

and MSM transmission, with the exception of CRF14_BG, 

which was transmitted by IVDU in both cases (100%).

The majority of individuals infected with subtype A1 

were from Greece, Albania, and Ukraine. The majority of 

individuals infected with subtype B were from Greece. Two 

of three individuals infected with subtype F1 were from 

Brazil and Georgia. Three of the individuals infected with 

subtype G (50%) were from Africa (Nigeria). The individual 

infected with CRF01_AE was from Thailand. Two of the 

individuals infected with CRF02_AG were from Africa 

(Tunisia, Sierra Leone). Both CRF_BG individuals and one 

CRF35_AD individual were from Egypt.

Drug resistance and other mutations
The genotypic analysis of the 150 sequences revealed 

26 cases with drug-resistance mutations (DRMs), 22 of 

which were from patients experiencing virologic failure 

due to exposure to antiretroviral drugs. The remaining four 

cases with DRMs were from treatment-naïve individuals, 

suggesting transmitted resistance.

The 22 cases experiencing virologic failure presented 

with the following DRMs: M46I, F53LY, I54LTV, G73ST, 

L76V, V82AT, I84V, I185V, N88D, and L90M for PIs; 

L100I, K103NS, V179F Y181C, G190AS, V106A, K103N, 

and P225H for NNRTIs; and M41L, K65R, D67GN, T69D, 

K70ER, L74V, Y115F, F116Y, Q151M, M184V, L210W, 

T215CDFIY, and K219EQR for NRTIs. The four treatment-

naïve cases presented with the following DRMs: I84V for PIs, 

K103N for NNRTIs, and T215S and K219Q for NRTIs.

Among the 26 DRM cases, 24 had DRMs for NRTIs, 16 

had DRMs for NNRTIs, and 12 had DRMs for PIs. The most 

common DRM for each antiretroviral agent was M184V for 

NRTIs (79%), K103N for NNRTIs (56%), and M46I and 

I54V for PIs (75%).

All subtype-A1 sequences presented a certain divergence 

from the standard HIV-1 subtype-B sequence (HIV-1 HXB2), 

Table 1 epidemiological characteristics of the population studied

Trait (out of 150 individuals)
Sex
 Male 116
 Female 34
Transmission route
 Heterosexual 67
 MSM 62
 IVDU 5
 Unknown 16
Country of origin
 greece 124
 Albania 7
 Africa (egypt, nigeria, Sierra leone, Tunisia) 7
 Asia (Afghanistan, Indonesia, Thailand) 4
 South America (Brazil) 1
 eastern europe (georgia, Poland, Ukraine) 4
 Western europe (england, France) 3

Abbreviations: MSM, males who have sex with males; IVDU, intravenous drug use.
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Figure 1 evolutionary relationships of HIV-1 sequences generated with the Trugene (Tg) method.
Notes: The evolutionary history was inferred using the minimum-evolution method.22 The optimal tree with the sum of branch length =0.23344502 is shown. Percentages 
above 70% of replicate trees in which the associated sequences clustered together in the bootstrap test (1,000 replicates) are shown next to the branches.27 The tree is drawn 
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the 
maximum composite-likelihood method,28 and are in the units of the number of base substitutions per site. The minimum evolution tree was searched using the close-neighbor 
interchange algorithm29 at a search level of 1. The neighbor-joining algorithm30 was used to generate the initial tree. The analysis involved 39 nucleotide sequences. Codon 
positions included were first + second + third + noncoding. All positions containing gaps and missing data were eliminated. There were a total of 584 positions in the final data 
set. evolutionary analyses were conducted using the Molecular evolutionary genetics Analysis 5.23 Taxa naming involves the use of letters, which are derived from the subtyping 
of individual strains using online tools and numbers, which indicate the order of sample collection. The origin of viral strains isolated from non-greek individuals is shown on 
the right of each taxon with a three-letter abbreviation. For example, A33Tg is the 33rd A1 strain genotyped with the Tg method, and was isolated from a greek individual.

Table 2 Epidemiological characteristics of identified subtypes

HIV-1 subtype Transmission route Country of origin

Heterosexual MSM IVDU Unknown

A1 (n=77) 47 19 1 10 greece (n=66), Albania (n=6), Ukraine (n=2),  
england, Indonesia, Poland

B (n=51) 10 37 2 2 greece (n=48), Afghanistan, england, France
F1 (n=3) 1 2 – – greece, Brazil, georgia

g (n=6) 5 1 – – greece (n=3), nigeria (n=3)
CRF01_Ae (n=1) 1 – – – Thailand

CRF02_Ag (n=4) 2 2 – – greece (n=2), Tunisia, Sierra leone
CRF14_Bg (n=2) – – 2 – egypt

CRF35_AD (n=2) – – – 2 greece, egypt

B/CRF02_Ag (n=3) 1 1 – 1 greece (n=2), Albania
g/CRF02_Ag (n=1) – – – 1 greece

Abbreviations: MSM, males who have sex with males; IVDU, intravenous drug use.

used as a reference by the automated genotypic assays for 

antiretroviral resistance testing, which was not present in 

the other subtypes identified in the population studied. This 

involved six protease amino acid substitutions (I13V, E35D, 

M36I, R57K, H69K, and L89M), which are drug-resistance 

support mutations in subtype B.24 Specifically, the E35D and 

M36I substitutions were present in 100% of cases, followed 

by substitutions H69K (99%), I13V (96%), L89M (95%), 

and R57K (93%), indicating that these sequence alterations 

may occur as genetic signatures in subtype A1. Less fre-

quent substitutions identified in the subtype-A1 sequences 

of the study group involved I15V, G16E, R41K, K45R, 
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and K70R (,60% of cases). Finally, several polymorphic 

sites were identified, with L63PSA being the most prevalent 

(96% of cases). A similarly consistent substitution pattern 

was not observed for HIV-1 subtype-A1 RT sequences 

or subtype B and other strain sequences.

Phylogenetic analysis
For phylogenetic analysis, the sequences of this study were 

divided into two groups based on the method they were 

generated with (the TG method generates sequences of 919 

nucleotides in length, whereas the VS method generates 

sequences of 1,302 nucleotides in length). The first group 

included the 53 sequences generated with the TG method 

and the second group included the 97 sequences generated 

with the VS method. Sequences containing DRM (14 for TG 

and 12 for VS) were excluded from the analysis. The DRM-

free sequences from each group (39 for TG and 85 for VS) 

were aligned, and two phylogenetic trees were constructed 

(Figures 1 and 2). The analysis showed that all subtypes and 

CRFs create separate and distinct clusters with each other. 

Within the A1-subtype cluster, the majority of sequences 

from Greece and Albania created a separate cluster from 

subtype-A1 sequences from Ukraine (Figure 2).

Discussion
The genetic diversity of HIV-1, comprised of multiple 

subtypes and intersubtype recombinant forms, poses a chal-

lenge to the evaluation of drug resistance. The rapid repli-

cation rate of HIV-1, coupled with a high mutation rate and 

recombination, is the underlying forces driving its diversity. 

In the infected individual, a population of highly related but 

nonidentical strains exists. At the population level, multiple 

subtypes often cocirculate, leading to the generation of 

intersubtype recombinant forms. As a result, the geographic 

distribution of subtypes and recombinant forms is complex 

and uneven. Genetic subtyping of HIV-1 isolates has been 

shown to be helpful for understanding the genetic evolution 

and worldwide spread of the virus and the evaluation of 

drug resistance. HIV-1 drug-resistance testing by sequenc-

ing of RT and protease regions of the polymerase gene is an 

important aspect of the management of infected individuals. 

Furthermore, the interpretation of the polymerase sequences 

generated by such tests can lead to an accurate subtype 

characterization using online bioinformatic programs and 

phylogenetic methods.

In the present study, we evaluated the HIV-1 subtype 

characteristics of infected individuals living in southwestern 

Greece and attending the Division of Infectious Diseases of 
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Figure 2 evolutionary relationships of HIV-1 sequences generated with the ViroSeq 
(VS) method.
Notes: The evolutionary history was inferred using the minimum-evolution method.22 
The optimal tree with the sum of branch length =0.42275555 is shown. Percentages 
above 70% of replicate trees in which the associated sequences clustered together 
in the bootstrap test (1,000 replicates) are shown next to the branches.27 The tree 
is drawn to scale, with branch lengths in the same units as those of the evolutionary 
distances used to infer the phylogenetic tree. The evolutionary distances were 
computed using the maximum composite-likelihood method,28 and are in the units 
of the number of base substitutions per site. The minimum-evolution tree was 
searched using the close-neighbor interchange algorithm29 at a search level of 1. 
The neighbor-joining algorithm30 was used to generate the initial tree. The analysis 
involved 85 nucleotide sequences. Codon positions included were first + second + 
third + noncoding. All positions containing gaps and missing data were eliminated. 
There were a total of 842 positions in the final data set. Evolutionary analyses were 
conducted using the Molecular evolutionary genetics Analysis 5.23 Taxa naming 
involves the use of letters, which are derived from the subtyping of individual strains 
using online tools, and numbers, which indicate the order of sample collection. The 
origin of viral strains isolated from non-greek individuals is shown on the right of 
each taxon with a three-letter abbreviation. For example, F01VS BRA is the first F1 
strain genotyped with the VS and was isolated from a Brazilian individual.
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B, with a prevalence of 51.3% among infected long-term 

residents, confirming a trend reported earlier24 on increasing 

prevalence of HIV-1 subtype A in Greece. Finally, we report 

that subtype A1 naturally exhibits protease polymorphisms, 

which may serve as drug-resistance support mutations in 

subtype B.
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of the HIV-1 subtype on virological response to combina-

tion antiretroviral therapy in white patients of Swiss25 or 

Greek26 origin reported higher incidence of virological 

failure in patients with subtype B compared to patients with 

subtype-A1 infections. The HIV-1 sequences examined in the 

present study showed various substitutions when compared 

to the consensus subtype-B sequence, but only subtype-A1 

protease sequences exhibited a certain divergence from the 

HIV-1 HXB2 sequence. Protease substitutions I13V, E35D, 

M36I, R57K, H69K, and L89M, which are drug-resistance 

support mutations in subtype B, were present in the majority 

of subtype-A1 sequences of the population studied, sug-

gesting that these sequence alterations may occur as natural 

polymorphisms, and may serve as genetic signatures. The 

existence of subtype-specific polymorphisms interfering with 

the selection of an appropriate therapeutic strategy should be 

evaluated toward the implementation of presubtyping for the 

clinical management of HIV-1-infected individuals.

Conclusion
In the present study, we evaluated the HIV-1 subtype charac-

teristics of infected individuals living in southwestern Greece. 

This is the first study to show elevated levels of subtype-A1 

infections in southwestern Greece, compared to subtype 
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