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AncientAncient tree 

SomewhereSomewhere stands a single tree, 
aa tree so diverse and high 

II  assume the tree is pretty old, 
accordingaccording to what I see. 

TheThe tree is rooted to the ground 
AndAnd as it grows, new branches arise 

CarefullyCarefully placed along its trunk 
The treeThe tree is full of life 

BetweenBetween its branches I see many faces 
ToTo whom do they belong? 

The treeThe tree is killing surrounding lives 
ItIt  is so very strong! 

ItIt  has no flowers, nor has it leaves 
WhatWhat kind of a tree is this? 
ItIt  is the tree ofphylogeny. 

ItIt  must be HIV. 

Amsterdam,Amsterdam, maart 2001 
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GENERALL INTRODUCTION 

GENERALL INTRODUCTION 

1.11 In t roduct io n 

Thee human immunodeficiency virus (HIV) is one of the most threatening infectious 
pathogenss to emerge in this century. Since the recognition of the first AIDS cases in 
1981,, * HIV has infected more than 36 million people worldwide, and it continues to 
spread.2 2 

Onee of the striking characteristics of HIV is its remarkable genetic variation. HIV has a 
highh mutation rate, a short life cycle and high loads, which results in a virus population of 
diversee viral lineages within an individual host. Furthermore, infected individuals within a 
humann population harbour distinct virus populations. This great variabil ity of HIV and its 
segregationn into subtypes worldwide must be taken into account in vaccine development 
andd the improvement of diagnostic tests and therapies. 

Gradually,, we are beginning to understand why there are regional differences in the 
modee of HIV transmission and the distribution of HIV subtypes. They appear to be largely 
thee result of multiple ' founder effects'. The founder effect, which occurs when a virus 
populationn is established by a single or a small number of 'pioneer' viruses sampled from 
ann original population, is characterized by a high genetic homology. On the other hand, 
thee key to the different patterns of spread may lie within host factors and/or the virus 
itself.. More and more evidence is accumulating that genetic host factors play a role. 
Geneticc analysis of HIV strains has become a valuable tool in studying the epidemiology 
off HIV, particularly when used in combination with traditional epidemiological methods. 
Studiess of HIV variation (by comparing nucleotide sequences of the genome) within and 
amongg infected human populations, can elucidate routes of transmission, sources of virus 
importationn and the history of the HIV pandemic (section 1.4). 

Thiss thesis is based on studies of the molecular epidemiology of HIV-1 among 
heterosexualss in the Netherlands, injecting drug users in Western Europe, and 
nosocomiallyy infected children in Romania. These studies continue previous studies on 
thee molecular epidemiology in Europe (see section 1.6). The scope of this thesis is 
furtherr outlined in section 1.7. 

1.22 Genet i c var iat io n of H IV 

HIVV belongs to the Lentivirus subfamiliy of retroviruses. The RNA genome of HIV is 
approximatelyy 10,000 nucleotides long and consists of nine genes and a long terminal 
repeatt (LTR) regions at either end of the genome. The genome contains three major 
structurall genes including gag (named for group-specific antigen, which codes for the 
proteinn core of the virion), pol (named for polymerase, which codes for the viral enzymes) 
andd env (which codes for the envelope proteins); several smaller genes code for 
regulatoryy and accessory proteins.3 

HIV'ss great genetic variability, which is unevenly distributed over different parts of the 
genome,, consists of nucleotide mutations as well as recombination. Insertions and 
deletionss are seen in distinct genes with relatively high frequencies. The high replication 
ratee of HIV and the error-prone nature of its reverse transcriptase (RT) enzyme, which 
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lackss a proofreading system to correct for nucleotide 'mistakes', contributes to the 
geneticc variat ion.4 , 5 

Basedd on phylogenetic analysis of nucleotide sequences two types of HIV can be 
dist inguished:: HIV type 1 (HIV-1) and type 2 (HIV-2), which display approximately 4 0 % 
homology.6 6 

Current ly,, there is suggestive evidence that HIV-1 was introduced into the human 
populationn by cross-species transmission from the chimpanzee {Pan troglodytes 
troglodytes).troglodytes).,,7-87-8 This suggestion was based on the observation that a primate virus 
(SIVcpz),, isolated from lymphocytes of a chimpanzee captured in Gabon, was closely 
relatedd to HIV-1 (fig l ) . 9 HIV-2 is genetically related to SIVsm, a simian virus isolated 
f romm the sooty mangabey monkey. This monkey has its natural habitat in Western Africa, 
thee region where HIV-2 is most prevalent. Both HIV-1 and HIV-2 are transmit ted among 
humanss through sexual contact, exchange of infected blood products, from mother to 
child.. They appear to cause clinically indistinguishable AIDS, but HIV-2 is less 
transmissible. . 

HIV-11 Group O 

Figuree 1. Unrooted Neighbor-joining phylogenetic tree based on the complete genomes of primate lentiviruses. 

Thee tree was constructed with the PHYLIP program. The sequences were obtained from the HIV sequence 

databasee (http://hiv-web.lanl.gov). 

andd pathogenic than HIV-1 , and the period between the initial infection and appearance 
off AIDS is longer in the case of HIV-2.10"12 

HIV-11 is divided into three major groups. HIV-1 group M (for 'ma in ' group) includes the 
ninee subtypes A-D, F-H, J, and K, which are defined as clusters of genetically related 
strainss wi th less than 30% nucleotide sequence divergence. 3 1 3 1 4 Group O (for 'outl ier' 
group)) includes highly diverse variants.1516 Group N (for non-M-non-0) includes strains 
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thatt do not cluster with either the M or O group; they harbour mosaic genomes 

consistingg of sequences related to SIVcpzUS and HIV-1. 1 7 

Groupp O and N infections are of low prevalence and have been found mainly in Cameroon 
andd Gabon 8 1 8 2 0 whereas HIV-1 group M infections are widespread throughout the 
world. . 

1.33 Geographi c distr ibut io n o f H I V - 1 grou p M subtype s 

Mostt HIV strains involved in the current pandemic belong to HIV-1 group M, but its 
variouss subtypes are unequally distributed. The most prevalent subtypes worldwide are C 
andd A, while subtype B covers the widest geographic area. Subtype B is most prevalent 
inn the United States, the Caribbean, South America, Asia, Australia, and Europe, although 
introductionss with non-B viruses have been reported in most of these areas.21"27 

Subtypess A and D predominate in West and Central sub-Saharan Africa; subtype C in 
Southh and Eastern Africa, India and China; subtype F in Romania, South America, and 
Centrall Africa; subtype G in Eastern Africa and Russia, and subtypes H and J in Central 
Africa.. The highest degree of genetic diversity is observed in sub-Saharan Africa, where 
alll HIV subtypes and groups are found. Analogous to HIV-1 , HIV-2 is classified into 
geneticc subtypes; they are designated A-G.3,28 

Thee HIV subtype classification was based originally on phylogenetic analysis of short 
genee fragments, mainly env and gag sequences. In the last few years, more and more 
full-lengthh sequences have become available as cloning and sequencing techniques 
improved,, leading to the identification of new subtypes and to viruses with mosaic 
genomes,, in which segments of the genome are derived from distinct viral strains. The 
classificationn of HIV sequences into groups and subtypes remains based on their 
phylogeneticc relationships. However, the increasing complexities of newly derived HIV-1 
sequencess have indicated a need to re-evaluate the current nomenclature system.1 4 

Thee mosaic viruses that contribute to the HIV-1 pandemic are currently called circulating 
recombinantt forms (CRFs). CRF is defined as a recombinant lineage with an identical 
mosaicc structure that plays an important role in HIV pandemic. Some HIV-1 subtypes 
havee been reclassified as CRF, and an epidemiological important example is the former 
subtypee E, now called CRF01_AE. This virus originated from the Central African Republic 
(CAR)) and is currently spreading in Thailand and surrounding countries in Southeast 
Asia.29"311 The parental 'pure' subtype E strain has not yet been found. Subtype I was 
foundd to be a complex recombinant of subtype A, G, H and K and is now called 
CRF04_cpx.32,333 This CRF has a very low prevalence and is mainly found in Greece and 
Cyprus.34,355 Two other mosaic viruses are CRF02_AG, circulating in Nigeria and 
neighbouringg countries 36,37 and CRF03_AB, circulating among injecting drug users 
(IDUs)) in Russia.38 41 

Somee HIV-1 subtypes have been further subdivided. Subtype F is comprised of sub-
subtypess F l and F2, with F l including strains from Brazil and Romania and F2 including 
strainss from Cameroon. A subgroup previously described as F3 was described that was 
moree distantly related to subtype F and consisted of strains from various regions in 
Centrall Africa, 42 but after ful l-genome analysis, subgroup F3 was reclassified as subtype 
K.43 3 
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Althoughh not explicitly mentioned in the description of the HIV-1 nomenclature,14 

subgroupss within the sub-subtypes can be observed. Within sub-subtype F l , for instance, 
thee Romanian strains can clearly be distinguished from strains circulating in Brazil 
(chapterr 3 and 4). Within the subtypes B and C, subgroups were also observed: B' 
(circulatingg in Thailand) and C' (circulating in Eastern Africa). The C' group was detected 
inn Ethiopia.44 

Geneticc distance calculations show that the genetic distance between subtypes B and D is 
comparablee to the distance between sub-subtypes Fl and F2. This finding suggests that 
BB and D represent two subgroups of one subtype, solving the epidemiological question 
thatt many researchers has puzzled: Why is subtype B virtually not-existent in sub-
Saharann Africa? If it is actually a subcluster of subtype D, then subtype B indeed exists in 
Africa.. The predominance of subtype B in North America and Europe illustrates the 
significancee of founder effects in shaping the global distribution of HIV-1 subtypes. In 
thosee areas, one particular subtype B strain was introduced, accidentally in populations 
withh high-risk behaviour (homosexual men and IDUs) and may subsequently have grown 
outt faster than the B strains that remained behind in Africa. The distribution of HIV-1 
subtypess is likely to change in the future as a consequence of human travel and 
migration.. The more that distinct subtypes are co-circulating and likely to co-infect 
individuals,, the more CRFs will appear. 

Figuree 2. Geographic distribution of HIV-1 subtypes, HIV-2, and circulating recombinant forms (CRFs). The 

locationss on the map represent the places where the HIV-1 strains were collected and characterized. The larger 

letterss represents subtypes that are reported most often in a given area, but may not reflect the actual 

distributionn of HIV subtypes. 

1.44 Phylogeneti c analysi s as a researc h too l fo r epidemiolog y 

Thee extensive variation of HIV-1 provides an opportunity to address several 
epidemiologicall questions utilizing this viral characteristic. The closer the epidemiological 
linkk between two HIV-1 infected individuals, the more similar the viruses from these two 
individualss will be. This experimental finding is a basic concept of the molecular 
epidemiologyy of HIV-1. Molecular epidemiology became an emerging discipline with the 
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inventionn of the polymerase chain reaction (PCR) and DNA sequencing, along with 
sophisticatedd phylogenetic programs.45 PCR is a technique for the amplification of DNA in 
tissuee or serum/plasma and DNA sequencing is the only method that systematically takes 
intoo account all nucleotide changes within the genome. Together, these methods have 
revolutionizedd molecular biology over the last ten years. The first PCR amplification and 
sequencingg of an HIV isolate was reported in 1987 and since then the number of HIV-1 
sequencess in the Los Alamos HIV sequence database have grown exponentially. The 
followingg subsections describe some of the ways in which phylogenetic techniques can be 
usedd to study epidemiological relationships. 

1.4.11.4.1 Genetic distance calculations 

HIV'ss highest variability is observed for the env gene and is associated with the host 
immunee responses against the virus. Since the third hypervariable region (V3) evolves 
mostt quickly, an epidemiological link between viruses is very likely if they are identical or 
veryy similar in this region. Thus the env gene is particularly suitable for the study of 
short-termm epidemiological links. Among virus sequences obtained from a single infected 
individuall in the course of infection, the nucleotide distance rarely differs more than 3 to 
5%% in the env gene. The same nucleotide distance is generally observed between viruses 
obtainedd from newly infected individuals and their donors. I f env is studied in combination 
withh the somewhat less variable gag gene, epidemiological links are easier to make and 
substantiate.. 46,47 The pol gene, on the contrary, shows considerably lower variability than 
both,, because it encodes for viral enzymes that must maintain their function. The pol gene 
byy itself is therefore less suited for studying epidemiological links between viruses. 
Too calculate genetic distances, sequences (nucleotide or amino acid) are compared to each 
otherr (pairwise), and the sequence dissimilarity is expressed as the percentage of 
sequencee positions that differ between the sequences. Pairwise genetic distances can be 
calculatedd according to different nucleotide substitution models. When studying the genetic 
relatednesss of viruses, their protein structure and other characteristics must be taken into 
account;; e.g., the four nucleotides are not always equally present (A is overrepresented in 
HIVV due to the tendency of reverse transcriptase to induce G-to-A mutations) and that in 
general,, nucleotide transitions (from purine to purine or pyrimidine to pyrimidine) occur 
moree easily than nucleotide transversions (purine to pyrimidine or vice versa).47 The 
nucleotidee substitution models used in many HIV studies, including those of this thesis, is 
Kimura'ss two-parameter model.48 This model is based on parameters (1) kappa ( K ) , which 
accountss for variation in substitutions rates between genomic sites, and (2) alpha (a) , 
whichh accounts for different rates of transition vs. transversion. 

Thee genetic distance among HIV-1 sequences within a human population increases over 
t imee in mean and range. Of all subtypes of HIV-1, subtype A in central and west Africa 
showss the highest degree of heterogeneity, which suggests a more ancient origin.49 The 
findingg of highly diverse strains of an HIV-1 subtype in a population or geographic area, 
cann indicate that 1) the subtype has existed for a long t ime, 2) new virus variants were 
introduced,, 3) intrasubtype recombination occurred (i.e., recombination between strains of 
onee subtype) or 4) a combination of these phenomena. In contrast to subtype A, the 
Thailand'ss former subtype E (now CFR01_AE) is relative homogeneous, suggesting that its 
strainss have emerged only recently and then spread quickly. Explosive spreads, also 
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observedd among IDUs in Russia 38"41 and Kathmandu, 50 are usually characterized by a high 
incidencee rate and a low sequence diversity.38"41 

1.4.21.4.2 Synonymous and non-synonymous nucleotide substitutions 

Somee phytogeny computer packages, such as the MEGA package 51, includes the option to 
calculatee genetic distances based on the number of synonymous substitutions (no amino 
acidd change) and nonsynonymous substitutions (amino acid change). The synonymous or 
silentt substitutions often occur in the third base position in the nucleotide triplet and may 
nott have phenotypic consequences for the virus. The nonsynonymous substitutions are 
oftenn calculated in combination with the synonymous substitutions (as the 
synonymous/nonsynonymouss ratio) to get an indication of the selective forces at work on a 
particularlyy coding region. The principal assumption of this approach is that silent 
substitutionss are independent of the host immune factors, and are selectively neutral. To 
studyy HIV from the historical perspective, trees can be constructed on the basis of 
synonymouss nucleotide substitutions as a measure for 'spontaneous' variation, irrespective 
off mutations selected by the host's immune system. In the chapters 3-5 of this thesis, 
phylogeneticc analysis based on synonymous mutations was used to discriminate between 
IDU-- and non-IDU-specific sequences and to determine whether local epidemics started 
withh one or various introductions. 

1.4.31.4.3 Construction and interpretation of phylogenetic trees 

Whenn genetic distances (overal l , synonymous or nonsynonymous) are calculated for a 
sequencee set, they can be presented as phylogenetic trees. Tree-building methods can 
bee based on sequence characters (Maximum Likelihood and Maximum Parsimony) or 
distancee matrices (Neighbor-Joining and UPGMA). The phylogenetic trees in this thesis 
weree constructed by the Neighbor-Joining method, using Kimura-2-para meter distances 
andd synonymous p-distances.52 To determine the genetic subtype of newly generated 
HIV-11 sequences, reference sequences with a known subtype should be included in the 
sequencee set. They can be obtained from the HIV sequence database.53 After al ignment 
off the sequences, a phylogenetic tree can be constructed. In the Neighbor-joining tree, 
thee length of the horizontal branches is proportional to genetic distances between 
sequences.. The distance between any two sequences is equal to the sum of the lengths 
off all horizontal branches. The nodes indicate the evolutionary separation of individual 
lineages.. Accordingly, the dissimilarity between two sequences is proportional to the t ime 
thatt has passed since the two viruses separated from a common ancestor. To determine 
thee reliabil ity of the clusters, we conducted bootstrap analysis, a method used to evaluate 
thee robustness of an evolutionary analysis. Bootstrapping involves leaving out or 
rearrangingg the original data in replicate sets, then looking at how much this affects the 
branchingg order. In other words, it determines the stability of the phylogenetic clusters, 
whichh is defined as the number of occasions (in this case, out of 100) that the sequences 
clusterr within the same group. Bootstrap values of 75% or higher are considered definitive 
forr significant clustering.54 To study epidemiology through phylogenetic trees, one should 
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includee a representative (unbiased) sample of sequences, preferably drawn from patients 
withh the appropriate geography, age, seroconversion date, gender and clinical status. 

1.4.41.4.4 Nucleotide signature pattern analysis 

Togetherr with distance calculations and phylogenetic tree analysis, signature pattern 
analysiss can be used to study the epidemiology of HIV. Signature pattern analysis of the 
HIV-11 strains circulating among homosexual men and IDUs in the Netherlands, as well as 
otherr Northern European countries, demonstrated genetic differences in the env, vpr, 
vpuvpu and RT regions of the viruses infecting these two populations. Separation of HIV-1 
strainss by risk group has also been observed in some Scandinavian countries.55 The 
codonss that are stable within a person over t ime can be used as a marker to trace 
patternss of virus migration. We studied nucleotide signatures for several articles included 
inn this thesis. In chapter 5, the purpose was to examine virus migration among IDUs in 
westernn Europe, and in chapter 2, to determine the presence of IDU-specific strains 
amongg non-drug-using persons heterosexually infected with subtype B in Amsterdam. 
Signaturee pattern analysis can be performed by using the computer program VESPA 
(Virall Epidemiology Signature Pattern Analysis), which can be obtained from the 
internet.566 In chapter 4, we used this program to compare sets of sequences from 
childrenn with adults. 

1.4.51.4.5 Identification of recombination 

Nucleotidee substitutions are only one part of the evolutionary process of H IV -1 ; the 
greatestt genetic divergence is generated by recombination, particularly between viral 
strainss of different subtypes. Viruses that have been placed interspersed (between two 
clusters)) should be checked for recombination: the virus represents either a new subtype 
orr a recombinant strain. The presence of recombinant patterns can be studied by 
constructingg trees of smaller genomic fragments. A cluster 'switch' of the different 
fragmentss is the first indication for recombination, which can be confirmed by using RIP 
(recombinationn identification program). Simplot, a computer program recently developed 
(forr UNIX and PC), is able to localize breakpoints accurately. In the SimPlot program, the 
queryy sequence (the sequence of interest) can be compared (using a sliding window of a 
certainn length) with reference sequences representing the putative 'parents' and an 
outgroupp reference subtype. The program constructs phylogenetic trees of shorter 
nucleotidee segments and plots the bootstrap values for all segments. To identify 
recombinationn breakpoints we used the bootscanning method 57 as implemented in the 
Simplott program for Microsoft Windows (like RIP, the Simplot program is available on the 
internet).58 8 

Recombinantt HIV-1 strains so far identified in the Netherlands include A/E (CRF01_AE), 
27,599 A/G (CRF02_AG), 60 F/D and G/H/F viruses (this thesis). 

1.4.61.4.6 Application of phylogenetic trees to epidemiological studies 

Studiess of HIV-1 genomic heterogeneity and evolution are applied to address a broad 
spectrumm of epidemiological issues, such as: 1) transmission cases, 2) global migration 
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off strains, 3) the origin of HIV, and 4) the start of the epidemic. This section presents a 
brieff overview of some examples. 

Regardingg transmission cases: genetic data provide the most reliable evidence for direct 
epidemiologicall relationships between infections. For instance, they could confirm 1) a 
Swedishh rape case and 2) an Amsterdam case in which an syringe with HIV-infected 
bloodd was deliberately used to infect a person with HIV. In both cases, genetic data was 
usedd as forensic evidence in court.61,6Z Molecular studies have been conducted after local 
'outbreaks'' of HIV, e.g. an HIV outbreak was uncovered among prisoners in the Glenochil 
prisonn in Scotland. 63,64 For transmission-case studies, it is extremely important to have 
aa good study design. Appropriate controls should be selected, the sampling-moment is 
cruciall (close to the moment of infection), the most informative virus genomic regions 
shouldd be sequenced, and various phylogenetic and statistical methods should be applied 
forr comparison.4 6 However, it should be noted that these DNA-based techniques provide 
aa high probabil i ty, but not a 100% certainty that sequences are epidemiologically l inked. 
Regardingg global migrat ion: genetic analysis can be applied to trace global and local 
patternss in the spread of the virus. In this thesis, it was used to reconstruct local 
epidemicss and spread between social networks in the Netherlands and other countries of 
Europe. . 

Regardingg HIV or ig in: after the discovery of HIV-1 in 1983 65 several years of intensive 
researchh were needed to provide the evidence that HIV-1 and HIV-2 resulted from cross-
speciess transmissions from Chimpanzees and sooty mangabey monkeys, respectively. 
Regardingg the start of the epidemic: genetic distance calculations were used in two 
studiess presented in this thesis to get an indication whether the HIV epidemics among 
Europeann IDUs (chapter 5) and children in Romania (chapter 4) started from one source 
orr f rom various virus introductions. 

Molecularr data may also allow researchers to date, in real t ime, when the events leading 
too viral emergence took place. This is possible only if mutations between viral strains 
accumulatee at an approximately constant rate over t ime (the 'molecular clock' of 
evolut ionaryy change). Based on this principle, a study was conducted by Lukashov et al . 
666 used genetic distance calculations to determine the year of the start of the HIV 
epidemicc among homosexual men and IDUs in Amsterdam and, recently, by Korber et al . 
too determine the t ime-points of diversification of the various HIV-1 subtypes. 67 

Furthermore,, analysis of an HIV-1 strain isolated in 1959 (from a patient who lived in 
Kinshasa),, which clustered in the phylogenetic tree with group M, points to the common 
ancestorr of HIV-1 having its origin before 1940. This implies that cross-species 
transmissionn occurred even earlier.68 

1.55 H I V - 1 genet i c var ia t ion : implication s fo r publi c heal t h 

Variouss studies have concentrated on potential subtype differences in diagnostics, 
transmissibi l i tyy and pathogenicity, and results show the importance of genetic subtypes 
inn the failure of diagnostic assays (commercial HIV antibody and viral load assays). While 
differencess in transmissibil i ty or pathogenicity among genetic subtypes may exist, they 
aree diff icult to study because of many confounding factors. The underlying mechanism is 
moree likely a complex of virological strain differences and host factors, than the result of 
thee HIV-1 subtype itself. The next few paragraphs will briefly discuss the results of some 
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thee epidemiological and in vitro studies focused on HIV-1 subtypes and biological 

differences s 

1.5.11.5.1 Diagnostics and therapy 

Thee existence of various HIV-1 subtypes presents a challenge for the development of 
HIV-11 RNA quantif ication assays, which are based on the amplification of HIV-1 
nucleotides.. Commercially available assays can detect most viruses of the group M 
subtypes,, but a substantial number are missed or not quantified reliably.69"71 RNA viral 
loadd is an important predictor for HIV disease progression and a marker of t reatment 
efficacy.72,733 Often, the decision to start highly active anti retroviral therapy (HAART) is 
madee on the basis of viral RNA levels. I f viral load assays lack sensitivity for non-B 
subtypes,, they may hamper the clinical follow-up of non-B-infected patients. 
Furthermore,, the RNA based methods provide the only evidence for mother-to-child 
transmission,, since maternal antibodies present in infant serum prevent screening for 
infantt antibodies.74 Some gag-based assays underestimate the presence of subtype A 
virusess and cannot detect subtype G and O viruses.70 The NASBA (nucleic acid sequence-
basedd amplification) technology, directed to the conserved long terminal repeat (LTR) 
appearss to be better suited, than the currently used gag-NASBA for monitoring HIV-1 
therapy.755 In general, diagnostic tests should be directed to the more conserved regions 
thatt are present in all subtypes. 

1.5.21.5.2 Vaccine development 

Thee co-circulation of different subtypes and the increasing numbers of recombinant 
strains,, especially in sub-Saharan Africa, should be considered in the development of an 
effectivee HIV vaccine. Researchers seek to evoke a broadly reactive CTL response, which 
hass been associated with long-term survival and less progressive infection.76"78 Several 
studiess suggest that some CTL epitopes are conserved across genetic subtypes and 
emphasizee the importance of including these conserved sites in HIV-1 vaccines.79,80 

Besidess CTL response, neutralizing antibodies play a role in immunity.81 ,82 Better 
characterizationn of the viral immunogenic domains is an important aspect in many 
studiess of HIV variat ion, but more research is needed 1) to further characterize the 
immunogenicc regions that can a elicit a broad cross-clade neutralization and 2) to 
examinee the occurrence of serial infections and whether the immune response elicited by 
infectionn with one strain can prevent or interfere with subsequent infection by a second 
strain.. Finally, knowing the geographical distribution of HIV strains will be relevant for 
vaccinee development. In the future, HIV-1 vaccines may need to be periodically modified 
andd updated because of changes in the distribution of HIV-1 subtypes and the genetic 
alterationss within subtypes. 

1.5.31.5.3 Transmissibility 

Thee observation that the distribution of HIV-1 subtypes varies among different HIV risk 
groupss has led to the assumption that biological differences could exist between different 
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subtypes.. In vi tro studies as well as epidemiological studies have examined differences in 
HIV-11 transmissibil i ty. An in vitro study demonstrated that HIV-1 subtypes C and E 
virusess infect and replicate more efficiently than subtype B viruses in Langerhans' cells, 
whichh are present in vaginal epithelium. 83 The researchers suggested that HIV subtypes 
EE and C may have a higher potential for heterosexual transmission than subtype B, and 
thiss was considered a possible reason for the rapid spread of subtype E in Thailand.84,85 

Thesee f indings, however, could not be confirmed in other studies.86,87 The inconsistent 
resultss suggest that the associations are confounded and that in vitro studies should be 
repeatedd to be convincing. Furthermore, since results from in vitro studies may not be 
applicablee to real-life situations, epidemiological studies should be conducted for 
conf irmation. . 

Onee epidemiological study in Thailand suggested a higher transmissibil ity for subtype E 
thann subtype B viruses.84 I t should be noted that evaluating possible subtype 
associationss with HIV-1 transmission by epidemiological studies is extremely difficult, due 
too many factors of influence on the transmissibility of HIV, such as the presence of other 
sexuallyy transmit ted diseases (STDs) and frequency of exposure. However, such a study 
iss suited to a country like Thailand, where two different subtypes are circulating within 
onee risk group, since all individuals can be studied in the same environmental and clinical 
set t ing. . 

1.5.41.5.4 Pathogenicity and disease progression 

Epidemiologicall studies of biological differences among subtypes are, as with 
transmissionn studies, difficult to conduct due to the many virological and host factors of 
influence.. Furthermore, such studies are often hampered by low number of subjects, an 
unknownn date of HIV-1 seroconversion, and the lack of prospective long-term fol low-up. 
Thesee l imitations have led to various epidemiological studies with controversial results.88 

93 3 

Inn vi t ro studies, which are easier to control for confounding variables than in vivo 
studies,, have shown correlation between genetic subtype and biological differences. 
Phenotypee differences were found, such as 1) the (in)abil ity of strains to induce 
syncyt iumm formation in cell culture (SI or NSI variants) and 2) differences in coreceptor 
usage,, al though these two biological properties are also associated. 

HIV-11 uses several coreceptors in addition to CD4 to enter the cell: chemokine receptors 
CCR55 and CXCR4. 94,95 While all subtypes can use co-receptors CCR5 and CXCR4, 96,97 

minorr differences have been reported. HIV-1 subtypes C isolates almost exclusively use 
thee p-chemokine receptor CCR5. 98,99 Subtype A isolates preferably use CCR5, but some 
usee the cc-chemokine receptor CXCR4, or both CCR5 and CXCR4.100 What appears to be 
ann association between coreceptor usage and HIV-1 subtype, however, is rather an 
associationn between SI /NSI capacity and HIV-1 subtype.96"98,100"103 Some studies showed 
thatt NSI isolates utilize CCR5 for entry, irrespective of their genetic subtype, and that SI 
isolatess use both CCR5 and CXCR4. The preference of subtype C strains for using CCR5 
ass a coreceptor, can be explained by the fact that they mainly express the NSI 
phenotype. . 

Diseasee progression may be explained by other factors besides coreceptor usage and 
phenotype.. Researchers note subtype C-specific functional differences in the LTR region 
off the HIV genome, which contains promoter and enhancer sequences modulating 
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transcriptionn of viral RNA. Subtype C viruses have at least three functional NFKB sites in 
thee U3 region of the LTR, whereas other subtypes have two. This extra binding site for 
thee transcription factor NFKB may lead to more efficient viral transcription.104,105 I t may 
explainn why progression to AIDS among subtype C- infected individuals is similar 88 to 
progressionn among individuals with other subtypes, even though subtype C viruses 
expresss primarily the NSI phenotype. 

Finally,, a relationship between genetic subtype and natural resistance to anti retroviral 
drugss has been observed in vitro. Subtype F and G samples appear to be less susceptible 
too nonnucleoside RT and protease inhibitors, respectively. 106107 Also, a subset of group 
OO viruses are resistant to nonnucleoside RT inhibitors.108,109 The lower susceptibility of 
thesee subtypes for RT- and protease inhibitors recommends screening for HIV-1 subtypes 
beforee starting antiretroviral therapy. 

1.66 Molecula r epidemiolog y o f H I V - 1 in th e Nether land s 

Thee major risk groups for HIV-1 infection in the Netherlands are homosexual contacts 
(69%% of the total number of AIDS cases by the end of 1999), IDUs ( 1 1 % of AIDS cases), 
andd heterosexual contacts ( 1 5 % ) . n 0 Molecular epidemiological studies of HIV in 
Amsterdamm showed that among homosexual men and IDUs, almost exclusively subtype B 
virusess are f ound . b 6 ' u l Furthermore, the subtype B strains among in these two risk 
groupss could be distinguished on the basis of several sequence patterns. The most 
conservedd genetic difference, comparing strains from Dutch homosexual men and IDUs, 
wass observed in the second glycine codon in a four-amino-acid motif at the tip of the V3 
loopp (GPGR). This amino acid is encoded by the GGC codon in more than 8 0 % of the 
Dutchh IDUs, while in viruses from homosexual men two other codons were exclusively 
presentt (GGG or GGA). 66 The distinction between HIV-1 subtype B strains from 
homosexuall men and IDUs suggests that an independent source, rather than strains 
fromm homosexual men, founded the IDU epidemic. The fact that the vast majority of new 
seroconversionss in almost two decades of the epidemic among IDUs in the Netherlands 
havee been caused by GGC-viruses demonstrates the great stability of the founder 
populationn within this social network. The presence of non-GGC viruses is evidence for 
viruss introductions into this population. 

Amongg heterosexually infected women from AIDS endemic areas who now live in the 
Netherlandss various non-B subtypes have been identified.112 Several studies on HIV 
subtypess have been carried out in the Netherlands, but they were mainly concentrated 
onn individuals in Amsterdam. To date, no systematic large-scale attempt has been made 
too track the nationwide spread of various HIV-1 subtypes. The molecular epidemiological 
studiess presented in this thesis focus on the HIV-1 subtypes and sociodemographic 
characteristicss of heterosexuals in the Netherlands, nosocomially infected children in 
Romania,, and IDUs in Europe. The scope of the thesis is further outlined in section 1.7. 
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1.77 Out l in e o f th i s thesi s 

Thee studies presented in this thesis proceed with previous studies on the molecular 
epidemiologyy in the Netherlands and Europe (section 1.6). All of the epidemiological 
studiess are based on phylogenetic analysis of HIV gene fragments (env, gag and pol). 
Thesee methods were used to study the molecular epidemiology of HIV-1 subtypes among 
heterosexualss in the Netherlands (chapters 2 and 3) and two other different risk groups 
inn Europe (chapter 4 and 5). 

Ass noted in chapter 2, previous studies in the Netherlands showed that several non-B 
subtypess are present among women from AIDS endemic-areas. However, to what extent 
thesee HIV-1 subtypes are present and whether there are indications for further spread of 
non-BB subtypes was unclear. To develop effective prevention strategies against the 
spreadd of different HIV-1 subtypes, their presence and transmission patterns of various 
HIV-11 subtypes must be understood, but there was no systematic data regarding the 
spreadd of various HIV-1 subtypes and related sociodemographic characteristics among 
heterosexualss in distinct regions. Therefore, the Municipal Health Service in Amsterdam 
startedd surveillance for HIV-1 subtypes in 1997. In this survey blood samples and 
epidemiologicall data were collected from recently diagnosed HIV-1-positive 
heterosexualss (1997-1999). In Amsterdam alone, from 1988 to 1999 additional samples 
andd epidemiological data were collected retrospectively from heterosexuals who 
part icipatedd in HIV surveys conducted among 1) STD clinic visitors, 2) pregnant women 
and,, 3) persons who obtained MHS testing on their own initiative. This research resulted 
inn the f irst two articles described in chapter 2. The influence of human migration and risk 
groupss in the Netherlands on the HIV-1 subtype distribution among heterosexuals is 
describedd in the third study in chapter 2. I n this study, the HIV-1 subtypes were studied 
inn relation to ethnic group, presumed country of infection, and the risk group of sexual 
partners. . 
Chapterr 3 describes the sequencing of different gene fragments to expose the mosaic 
structuree of viruses that represent strains f rom the three F subgroups in the env gene. At 
leastt f ive of the seven strains we studied appeared to be intersubtype recombinants. One 
F/DD recombinant strain of central African origin that was introduced in Amsterdam was 
studiedd along wi th F/D recombinant strains f rom Belgium. Together with the second 
studyy in chapter 3, in which the full-length sequence of this recombinant was described, 
ourss is the first to describe an HIV F/D recombinant strain. 
Thee HIV epidemic among nosocomially infected Romanian children is discussed in chapter 
4 .. This epidemic, which was caused by an HIV-1 subtype F virus, received much 
at tent ion.. However, little was known about the origin of the virus, and it was unclear 
whetherr the epidemic was caused by one or various virus introductions. In our study, 
threee different gene fragments of nucleotide sequences from children and adults in three 
distr ictss in Romania were compared to gain insight in the source of the subtype F 
epidemicc among children. 
Thee purpose of the study in chapter 5 was to reconstruct the epidemiological 
relationshipss and to trace virus migrations among HIV-1 epidemics in the IDUs of seven 
westernn European countries. HIV-1 V3 sequences were obtained from IDUs infected in 
threee consecutive periods between 1984 and 1997 to study the increase of genetic 
var iabi l i tyy over t ime. 
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H I V - 11 SUBTYPES AMONGST HETEROSEXUALS IN AMSTERDAM 

Mult ipl ee H I V - 1 subtype s presen t amongs t heterosexual s in Ams te rda m 1 9 8 8 -
1996 ::  no evidenc e fo r sprea d o f non- B subtype s 

E.L.M.. Op de Coul1, V.V. Lukashov1, G.J.J, van Doornum1 , J. Goudsmit2, R.A. Coutinho1 '2 

AIDSS 1998, 12(10):1253-1255 
1.. Municipal Health Service, Division of Public Health and Environment 
2.. Academic Medical Centre, Department of Human Retrovirology, University of Amsterdam, The Netherlands 

HIV-11 subtype B predominates in Europe, where homosexual contact and injecting drug 
usee account for the majori ty of HIV-1 infections. Recently, several epidemiological 
studiess were published in which the presence of non-B subtypes in heterosexuals in 
Europee was described.1"3 We studied HIV-1 subtypes amongst asymptomatic 
heterosexuallyy infected individuals in Amsterdam in 1988-1996, in particular to 
determinee whether there was evidence for spread of non-B subtype viruses. 

HIV-11 sequences were obtained from samples of heterosexuals (no other HIV risk factors 
besidess heterosexual contact) stored at the Regional Laboratory in Amsterdam. Samples 
weree taken as part of various HIV studies. First was HIV surveillance among pregnant 
women,, which started in 1988 in city hospitals, midwife practices, abortion and inferti l i ty 
clinicss in the Amsterdam region. In 1988-1996, 31 770 pregnant women [excluding 
injectingg drug users (IDU) and blood product recipients] were tested for H IV -1 ; 55 
womenn were HIV-1-positive (28 samples available).4 Second was HIV surveillance among 
sexuallyy transmitted disease (STD) clinic visitors started in 1991 at the Amsterdam STD 
clinics.. In 1991-1996, eight cross-sectionai studies were performed with approximately 
10000 participants each. A total of 7582 heterosexuals were tested for HIV; 41 were HIV-
positivee (30 samples). 5 Third was alternative screening, which was carried out at an HIV 
testt facility at the Municipal Health Service for those who requested an HIV test on their 
ownn initiative. A total of 9656 heterosexuals were tested in 1988-1996 of whom 63 were 
HIV-seropositivee (48 samples). Finally, other studies included three HIV-infected 
participantss in a cohort amongst heterosexuals at the STD clinic6 and eight 
heterosexuallyy infected women participating in a European study on HIV infection in 
womenn (nine samples). 

Demographicc information, including age, gender, residence, country of origin and risk 
factorss of sexual partners [bisexual men, IDU, blood products recipients, partner f rom 
HIVV endemic area, and commercial sex workers (CSW)] was collected. The sequencing 
proceduree has been previously described.7 Phylogenetic analysis of the V3 region (270 
basee pairs, accession numbers AF032134-AF032225) with subtype A-H consensus 
sequencess was performed by using the MEGA program.8 '9 

Overall,, 49 520 heterosexuals were tested in HIV studies in Amsterdam in 1988-1996, of 
whomm 170 positive for HIV-1. A total of 115 out of 170 serum samples were available 
andd 90 samples were PCR-positive for HIV-1 . To study the possibility of selection bias we 
comparedd the demographic characteristics of individuals with PCR-positive samples and 
thosee with PCR-negative samples, and also between subjects with PCR-positive samples 
andd subjects with no samples available. No major demographic difference were found, 
exceptt that subjects with PCR-negative samples were significantly younger and more 
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oftenn had a partner originating from sub-Saharan Africa than individuals with PCR-
positivee samples. 

Phylogeneticc analysis of the nucleotide sequences of the 90 subjects revealed six HIV-1 
subtypes:: 54 subtype B, 20 subtype A, six subtype C, one subtype E, four subtype F, 
threee subtype G, and two unclassified, HIV-1 subtype distribution did not differ 
significantlyy between men and women (Table 1). Subtype B predominated in four source 
studiess but relatively more non-B infections were observed among pregnant women 
(P=0.04).. The variables 'origin of subject' and 'origin of partners' strongly correlated with 
HIVV subtype (P<0.0001). Sixty-seven per cent of individuals with a non-B subtype 
originatedd from sub-Saharan Africa and 70% had a partner from this area, whereas these 
percentagess were 0 and 4%, respectively, among persons with subtype B. The variables 
'drugg use among partners' and 'visiting CSW' were also associated with subtype B. Men 
withh subtype B visited CSW more often than men with a non-B infection (52 versus 9%). 
Thirty-onee per cent of the subjects with subtype B reported a drug-using partner 

Tablee 1. Characteristics of HIV-1 subtype in heterosexuals (n=90). 

Sexx [n (%)] 
Male e 
Female e 

Meann  SD age (years) 
Studyy population [n (%)] 

Pregnantt women 
Sexuallyy transmitted disease clinic 
Alternativee screen 
Europeann women 
HIVV heterosexuals 

Yearss of sampling 
1988-1992 2 
1993-1996 6 

ng g 
study y 

Subtypee B 
(n=54) ) 

266 (48) 
288 (52) 
311  7.2 

8(15) ) 
177 (15) 
233 (43) 
44 (7) 
22 (4) 

21(39) ) 
333 (61) 

Non-BB subtype 
(n=36) ) 

122 (33) 
244 (67) 
300  8.1 

133 (36) 
66 (17) 

166 (44) 
11 (3) 
00 (0) 

9(25) ) 
277 (75) 

comparedd with 4% of subjects in the non-B group. No significant changes were observed 
inn the proportion B/non-B subtypes before 1993 versus 1993-1996 in the two 
surveillancee studies. 

Too further study the possible spread of non-B viruses, subjects were divided in three 
categories:: group 1, individuals originating from HIV endemic areas; group 2, individuals 
off European origin who reported one or more sexual partners from an HIV endemic area; 
groupp 3, individuals of European origin with no known sexual partners from HIV endemic 
areas.. In group 1, 30 (60%) out of 50 individuals had a non-B infection. In group 2, this 
proportionn was 56%, and in group 3 it was 0% (Table 2). 

Multiplee HIV-1 subtypes (A,B,C,E,F,G) were identified amongst heterosexually infected 
individualss in Amsterdam, in contrast to Dutch homosexual men and IDU, among whom 
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onlyy subtype B viruses were found.2"10 Similar observations have been reported in other 
Europeann studies where mainly non-B subtypes have been identified, as in this study, in 
subjectss originating from HIV endemic areas and, less frequently, in European individuals 
withh a history of sexual contact with individuals from these areas.1"3,11 An important 
resultt was that in 26 subjects originating from European countries, with no known sexual 
partnerss from HIV endemic areas, only subtype B viruses were found. Because our study 
includess a large group of heterosexuals, and given that non-B subtypes have been 
presentt in Europe for more than a decade, this observation suggests that no substantial 
spreadd of non-B subtypes beyond those with an epidemiological link with an HIV endemic 
region.. The majority of viruses in our study group belonged to subtype B. Because the 
earlyy epidemics of HIV-1 amongst homosexual men and IDU were associated with 
subtypee B, there are far more subtype B viruses circulating in the Netherlands than non-
BB viruses.8"10 The chance of being exposed to B viruses for heterosexuals at risk is 
thereforee larger than non-B viruses, which makes the predominance of B viruses 
amongstt this heterosexual population explicable. 

Tablee 2. Distribution of HIV-1 subtypes amongst heterosexuals in Amsterdam (n=90), according to origin of the 
subjectss and their sexual partners. 

Subtypee (n) 

Groupp 1: subject from HIV-endemic area 
sub-Saharann Africa 1 

Asiaa 2 

South/Centrall America3 

Groupp 2: subject from Europe with 
partner(s)) from HIV-endemic area4 

Groupp 3: subject from Europe5 

noo sexual partner(s) from HIV-endemic area 
HIV-riskk partner(s) unknown 
IDUU using partner(s) or partner(s) visits CSW 

Subjectt originating from other country6 

Originn of subject unknow 

B B 

54 4 

4 4 
16 6 

A A 

20 0 

18 8 

C C 

6 6 

3 3 

E E 

1 1 

1 1 

F F 

4 4 

1 1 

3 3 

G G 

3 3 

1 1 

2 2 

Unknown n 

2 2 

1 1 

11 1 
10 0 
5 5 

1.. 18A: Ghana (8) Senegal (1) Benin (1) Uganda (1) kenya (1) Guinea Bissau (1) Cöte d'lvoire (2) sub-
Saharann Africa (3); 3C: Ethiopia (2) sub-Saharan Africa (1); IF: Zaire; 1G: Liberia, 1 unknown: Ethiopia. 

2.. 4B: Thailand (1) India (1) Indonesia (1) China (1); IE: Thailand (1). 
3.. 16B: Surinam/Dutch Antilles (9) Curacao (1) Dominican Republic (4) Argentina (1) South/Central America 

(1);; 2A: Zambia (1) sub-Saharan Africa (1); 2C: sub-Saharan Africa (1) Malaysia (1); 1 unknown: sub-
Saharann Africa. 

4.. 26B: The Netherlands (16) Belgium (1) France (1) Germany (1) UK (1) Spain (1) Turkey (4). 
5.. 4B: Pakistan (1) Russia (1) Morocco (2). 
6.. IDU, injecting drug user. 
7.. CSW, commercial sex worker, 

Thee predominance of subtype B amongst heterosexuals is an observation that is not in 
favourr of possible differences in heterosexual transmissibility between B and non-B 
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subtypes.. Therefore, risk group-associated differences in subtypes might be a result of 

historicall and sexual network factors, rather than a result of phenotypic differences. 

Inn conclusion, this study shows the presence of mult iple HIV-1 subtypes in the 

Netherlands,, but we found no evidence of spread of non-B infections amongst 

heterosexualss with no epidemiological link with HIV endemic regions. Because these 

patternss might change in the future, we will continue to monitor the introduction and 

spreadd of HIV-1 subtypes. 
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HIVV STRAINS OF I D U IN HETEROSEXUALS 

HIV-11 strain s specifi c for Dutc h injectin g dru g users in 
heterosexuall yy  infecte d individual s in The Netherland s 

Vladimi rr  V. Lukashov* , Elin e LM . Op de Coul \ Roel A. Coutinho* f 

andd jaap Goudsmit * 

Objective ::  To study the molecular epidemiology of HIV-1 subtype B amongst 
heterosexuallyy infected individuals in The Netherlands. 

Design ::  The study population comprised 54 individuals infected by subtype B 
virusess through heterosexual contacts. Serum samples were collected between 1988 
andd 1996. 

Methods ::  Sequences of the gp120 V3 region were obtained from serum samples 
andd analysed by using the signature pattern and phylogenetic methods. 

Results :: In 22 (41%) out of 54 subtype B sequences from heterosexually infected 
individuals,, the synonymous nucleotide substitution in the second glycine codon at 
thee tip of the V3 loop (the GGC pattern), previously identified as specific for Dutch 
injectingg drug users (IDU), was found. The other previously described IDU sequence 
patternss were observed significantly more often among GGC- than among non-
GGC-containingg sequences. In addition, we identified another amino-acid change 
specificc for the GGC sequences. In the phylogenetic and principal coordinate 
analyses,, the GGC sequences from heterosexually infected individuals clustered 
separatelyy from the non-GGC sequences and together with the IDU consensus 
sequence.. Both the nonsynonymous and particularly the synonymous distances 
amongstt the GGC sequences were significantly lower than amongst the non-GGC 
sequences. . 

Conclusions ::  Our data provide evidence for a common origin of the viruses in 
Dutchh IDU and the GGC viruses in heterosexuals. We suggest that a considerable 
proportionn of the viruses in heterosexually infected individuals in The Netherlands 
mayy have originated from Dutch IDU. © 1998 Lippincott-Raven Publishers 

AIDSAIDS 1998, 12:635-641 
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Netherlandss [3—5], whereas other HIV- 1 subtypes 
(A,, C, D, E, F, and G) have been present in The 
Netherlandss for more than a decade amongst individu-
alss originating trom AIDS-endemic regions [6]. It has 
beenn shown that subtype B viruses from IDU differ 
fromm the viruses of homosexual men in several HIV-1 
genomicc regions |7,8]. In the envelope gp120 V3 
region,, viruses from IDU are distinguishable from 
Virusess ot homosexual men based on two synonymous 
nucleotidee substitutions and one annno-acid change, ot 
whichh the most conserved is a synonymous substitution 
inn the second glycine codon at the tip of the V3 loop 
(thee GGC pattern) [4.7.9.10]. The GGC pattern has 
nott been found in the V3 sequences obtained from 
homosexuall  men in The Netherlands (sequences from 
moree than 100 individuals have been analysed) or other 
Europeann countries and the United States [7,11-14]. 
butt is present in more than 80% of the sequences 
obtainedd trom Dutch IDU. GGC viruses have also 
beenn found in IDU in Scotland and Germany [7—9,13]. 
butt not in Norway [12], Italy or Spain |7.8,14], 
althoughh the molecular epidemiological data from these 
countriess were often limited. Besides the GGC pattern, 
twoo other distinctions have been described in the IDU 
V33 sequences: a synonymous nucleotide substitution at 
HIV-1 1AII em> position 837 (the TCC pattern), and the 
non-TT pattern (an amino-acid other than threonine}  at 
HIV-1 ,, Al cm> codon 288 [7,9], Several nucleotide sub-
stitutionss in Dutch IDU sequences, compared with the 
sequencess from homosexual men, have also been found 
inn the t'pr and vpu genomic regions ot HIV- 1 [8]. 
Phylogeneticc clustering of the sequences according to 
thee risk group has been observed for all three genomic 
regionss [4,5,8,9]. To explain the risk group-associated 
differencess of virus strains, two hypotheses were 
originallyy proposed: specific adaptation of viruses to a 
certainn risk group (transmission route) and a more 
likelyy founder effect [7,8]. In a later study [9], we pro-
videdd evidence that the risk group-associated distinc-
tionss between viruses in The Netherlands is likely to be 
thee result of a founder effect. We suggested that the 
possiblee uniform origin of the HIV-1 epidemic among 
Dutchh IDU was as a result of HIV-1 transmission(s) 
fromm US IDU, and not from Dutch homosexual men 

Althoughh several molecular epidemiological studies 
havee been earned out in The Netherlands [4,6— 9,15], 
noo sequence information has been obtained for individ-
ualss who became HIV-1-infected through heterosexual 
contacts.. In the present study, we obtained the gpl20 
V33 sequences from 54 individuals infected with HIV-1 
subtypee B viruses as a result of heterosexual contacts. 
Wee used HIV- 1 V3 sequence patterns of Dutch IDU as 
molecularr markers to study the origin of HIV-1 strains 
inn heterosexual ly infected individuals in The 
Netherlands. . 

Materialss and methods 

Studyy population 
Betweenn 1988 and 1996, about 50 000 heterosexual 
individualss were tested tor HIV- 1 antibodies in 
Amsterdam,, and 170 individuals were found to be 
HIV-1-seropositive.. Sequences ot the V3 region were 
obtainedd from serum samples of 90 (53%) of these indi-
viduals.. The serum samples were obtained as part of 
severall  HIV studies, including HIV surveillance among 
pregnantt women, HIV surveillance among sexually 
transmittedd disease clinic visitors, the alternative screen-
ing,, the European Women's Study, and the HIV 
Heterosexualss Project [16]. All individuals were 
AIDS-treee at the time ot sampling. Bv using the 
phylogeneticc analysis, we characterized 54 (60%) out of 
900 individuals as infected by subtype B viruses. For the 
individualss involved in the study, the following demo-
graphicc and epidemiological information was collected: 
age.. gender, nationality, country of origin, risk factors 
forr HIV-1 infection, and information about sexual 
partners.. All individuals with non-B viruses originated 
orr had a partner trom HIV-endemic regions |16|. 
Nonee ot the 54 individuals with subtype B viruses 
originatedd from sub-Saharan Africa. 

Sequencingg and sequence analysis 
Thee procedures ot viral isolation, reverse transcription, 
amplificationn and sequencing have been described pre-
viouslyy in detail |17]. Briefly, RNA was isolated from 
1000 ul serum, and viral RNA was transcribed into 
cDNAA using the 3 ' -V3-NOT primer. The cDNA 
obtainedd was subjected to nested polymerase chain 
reactionn (PCR). The outer primers used for the first 
PCRR were 5'-V3-NOT and 3'-V3-NOT. the inner 
primerss used for the second PCR were SP6-5'-ksi and 
T7-3'-ksi.. Nested PCR resulted in the amplification of 
aa sequence of approximately 270 base pairs in length. 
Double-strandedd sequencing was performed on an 
automaticc sequencer (Model 373A, Applied 
Biosystems,, Foster City. California, USA) using the 
TaqTaq polymerase dye primer sequencing kit (Applied 
Biosystems).. The sequences have been deposited in the 
GenBankk (accession numbers AF032134-AFO32225). 

Nucleotidee sequences were aligned manually. The con-
sensuss sequences for Dutch homosexual men and IDU 
weree calculated based on previously published 
sequencess [3-5,15] and used in the analyses, as well as 
thee global subtype B consensus sequence [18]. All 
positionss with an alignment gap in at least one 
sequencee were excluded from any pairwise sequence 
comparison.. Synonymous and nonsynonymous 
nucleotidee p-distances (the proportion of synonymous 
andd nonsynonymous differences between two 
sequences:: D̂  and Da, respectively) were calculated by 
usingg the MEGA program [19]. Phylogenetic analysis 
wass performed by using the MEGA program (neigh-
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hour-joiningg method), and distance matrices were gen-
eratedd hv using the Kimura two-parameter distance 
estimationn method [20| as well as the synonymous p-
distances.. Bootstrap analysis was performed by generat-
ingg 100 trees on the whole set ot sequences. In 
addition,, bootstrap analysis was performed for the 
sequencee sets, in which all but one GGC sequence 
weree excluded. This was performed for each of the 
GGCC sequences. 

Multivariatee principal coordinate analysis was per-
formedd by using the P C O O RD software [21]. 
Signaturee pattern analysis was performed according to 
Korberr and Myers [10|. The Pearson correlation coeffi-
cientss were calculated to evaluate the association 
betweenn sequence similarity and group membership 
{GGCC group versus non-GGC group). To assess the 
correlationn that one can expect to find accidentally 
whenn no real association is present, a simulation 
methodd was used [8] in which all sequences were ran-
domlyy divided into two groups 100 times, and on each 
occasionn the correlation coefficient was calculated for 
alll  positions. This accidental correlation never rose-
abovee 0.33 (P > 0.1). Statistics were calculated by using 
thee SPSS/PC + software (version 5.0, SPSS Inc., 
Chicago,, Illinois, USA). The Mann-Whitney test was 
usedd to compare groups. 

Results s 

HIV- ll  sequences obtained from 54 individuals infected 
byy subtype 13 viruses through heterosexual contacts are 
shownn in Fig. 1. Signature pattern analysis revealed that 
222 (41%) individuals had the GGC pattern specific for 
Dutchh IDU. The other previously described IDU 
sequencee patterns (TCC and non-T) were significantly 
moree often found amongst the GGC sequences than 
amongstt the non-GGC sequences from heterosexuals 
(Fig.. 1. pattern). The TCC pattern was found in 17 
(77%)) out of 22 GGC sequences and one (3%) out of 
322 non-GGC sequences (P < 0.001), and the non-T 
patternn was seen in 19 (86%) GGC sequences and 
sevenn (22%,) non-GGC sequences (P < 0.001: Fig. 1). 
Inn addition to previous reports from our group [7-9], 
wee identified another amino-acid change (the presence 
off  isoleucine, the I-pattern. Fig. 1), which was present 
inn 16 (73%) out of 22 GGC sequences, significantly 
moree often than in the non-GGC sequences (five out 
off  32 sequences, 16%>; P< 0.001). There were signifi-
cantt correlations between the presence of the GGC 
patternn and each of" the other three sequence patterns 
(Fig.. 1). Twenty (91%) out of 22 GGC sequences con-
tainedd two or three other sequence patterns, compared 
withh one (3%i) out of 31 non-GGC sequences 
(P<< 0.001; Fig. 1). 

Phylogeneticc analysis revealed clustering according to 
thee sequence patterns described above (Fig. 2). Because 
off  the lower rate of synonymous compared with non-
synonymouss substitutions in the V3 region |3,5| and 
thee possible functional saturation at nonsynonymous 
positionss |22|, we performed phylogenetic analysis by 
usingg the Kimura two-parameter distances (for all 
nucleotidee positions) as well as the synonymous p-dis-
tances.. Phylogenetic difference between the GGC and 
non-GGCC sequences was more pronounced at the 
synonymouss level (Fig. 2b). All GGC sequences from 
heterosexuallyy infected individuals, with a single 
exception,, clustered together with the consensus 
sequencee of Dutch IDU, whereas all non-GGC 
sequencess clustered separately from the GGC 
sequencess (again with a single exception) and together 
withh the global subtype B consensus (Fig. 2b). Similar 
too our earlier observations for the sequences from 
homosexuall  men and IDU |9], the bootstrap values for 
thee GGC and non-GGC clusters were low (data not 
shown),, probably reflecting the high variation of the 
V33 loop, of which only a very limited part is risk-
group-specific.. Another possible reason could be 
relatedd to the peculiarities of the bootstrap analysis, 
whichh assigns the values for the whole cluster but not 
forr any two sequences within this cluster. Therefore, a 
higherr number of closely related sequences in the clus-
terr could result in a'lower bootstrap value tor this clus-
ter.. To test this possibility, we performed bootstrap 
resamplingg for the sequence sets, in which all but one 
GGCC sequences were excluded but all non-GGC 
sequencess as well as the consensus sequence of Dutch 
IDUU were present. This analysis was performed tor 
everyy GGC sequence. We observed that each GGC 
sequencee clustered separately from the non-GGC" 
sequencess and together with the Dutch IDU consensus 
sequencee with a mean bootstrap value of 73 (range, 
60-96;; Fig. 1). The non-GGC sequence that excep-
tionallyy belonged to the GGC cluster when all 
sequencess were included in the phylogenetic analysis 
(sequencee TUR9340) did not cluster with the IDU 
consensuss when all GGC sequences were excluded 
fromm the analysis. Similar to the phylogenetic analysis, 
aa separation between the GGC and non-GGC' 
sequencess was also observed in the principal coordi-
natee analysis (PCOORD; data not shown). 

Subsequently,, we analysed the evolutionary distances 
amongstt the sequences with and without the GGC pat-
tern.. Each sequence within a group was compared with 
everyy other sequence within the same group, and the 
meann distance for the group was calculated as the mean 
o{o{ pairwise sequence distances. Both Dd and especially 
D^^ were significantly higher amongst the sequences 
withoutt the GCiC pattern than amongst the GGC 
sequences:: Da, 0.128 7 (SD) versus 0.093 0 
(P<< 0.001);aDs, 0.145 7 versus 0.069  0.03O 
(PP < 0.001), for the non-GGC and GGC sequences. 
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L-GGCC s e q u e n c e s 
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IND901 2 2 
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CHI91 22 3 
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SUR9580 0 
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Fig .. 1 . The amino-acid sequences of the HIV-1 gp120 V3 region obtained from 54 subtype B-infected individuals compared 

w i thh the HIV-1 subtype B consensus sequence (cons-b) |18| . The consensus sequences for Dutch homosexual men (cons-

homo)) and injecting drug users ( IDU; cons-idu) are included in the alignment. Dashes indicate amino-acid identity w i th the 

consensuss sequence, and dots indicate al ignment gaps. The next four columns show presence ( + ) or absence (-) of defined 

IDUU sequence patterns, which are also indicated in the sequences themselves (T). The Pearson coefficients for the correlation 

betweenn the presence of the GGC pattern and each of other three sequence patterns are shown. The last co lumn shows the 

bootstrapp values for the clustering of each sequence with the Dutch IDU consensus sequence in the neighbour- joining tree 

basedd on the synonymous p-distances (see Materials and methods; Fig. 2b, % of 100 replications). The initial letters in the 

sequencee label indicate the country of origin of individuals (ANT, Antil les; ARC, Argentina; BEL, Belgium; CHI , China; CUR, 

Curacao;; D O M , Dominican Republic; EUR, an unknown European country; FRA, France; GER, Germany; IND, Indonesia; 

M O R ,, M o r o c c o ; NED, The Nether lands; PAK, Pakistan; RUS, Russia; 5UR, Sur inam; THA, Thai land; TUR, Turkey; UK, 

Uni tedd Kingdom), and the subsequent two figures indicate sampling year (1988-1996) . 

respectivelyy (Fig. 3). The difference in O^ between the 

groupss was so large that only three out of 231 pairwisc 

distancess amongst the C!GC sequences were highi'r 

thann the mean Ds amongst the n o n - G GC sequences. 

N oo significant difference in sampl ing years was seen 

betweenn the groups (the mean sampling year was 1991 

forr the G GC g r o u p, and 1992 tor the n o n - G GC 

group;; P > 0.1). 

Discussion n 

Inn th is s tudy, we o b t a i n ed and ana lysed the V 3 

sequencess from 54 individuals from The Netherlands 

whoo became infected through heterosexual contacts. 

Wee observed that (I) 22 (41%) out of 54 sequences had 

thee GGC- sequence pat tern, previously identif ied as 

specificc for Dutch IDU ; (ii ) the other ID U sequence 
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(b) ) 

-- FRA95BB 

—— SUK951C 

jf £ £ 

Fig.. 2. The neighbour-joining phylogenetic trees for the sequences shown in Fig. 1. The trees were constructed by using the 
MECAA program [18]. Distance matrices were generated by using (a) the Kimura two-parameter distance estimation method or 
(b)) the synonymous p-distances (see Materials and methods; DJ. Bootstrap resampling was performed by generating 100 
trees.. The bootstrap values were determined as described in the Results and shown in Fig. 1. Sequences with the CCC pat-
ternn are underlined. See Fig. 1 for sequence labels. *CCC cluster. 

patternss were observed significantly more often 
amongstt the GGC sequences; (hi) the GGC sequences 
fromm heterosexually infected individuals clustered sepa-
ratelyy from the non-GGC sequences and together with 
thee IDU consensus sequence in the phylogenetic and 

principall  coordinate analyses; and (iv) the GGC group 
off  sequences was significantly more homogeneous. 

Thesee findings point to the likely common origin of 
thee viruses in Dutch IDU and the GGC viruses in 
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Fig .. 3. Pairwise synonymous p-distances (see Materials and 

methods)) amongst the V3 subtype B sequences wi th and 

w i thoutt the C C C pattern (P < 0.001 for the group compari-

son).. Ho r i zon ta l l ines show the mean distances for each 

group.. The number of comparisons is 496 for the non-CGC 

sequencess and 231 for the C C C sequences. 

heterosexuals.. Tak ing into account the more recent 
spreadd of H IV - 1 amongst heterosexuals than amongst 
I D UU 11,23]. it is likely that a considerable proportion of 
thee G GC viruses in heterosexually infected individuals 
inn T he Nether lands may have originated trom Dutch 
I D U .. A t t he s a me t i m e, t hese f i nd ings p r o v i de 
additionall  support to our previous conclusion, that the 
dif ferencee in viruses b e t w e en homosexual men and 
I D UU m T he Nether lands is a result of a founder effect, 
ratherr than risk-group-associated adaptation [7-9]. 

Similarly,, the close relation of viruses in ID U and het-
erosexualss has been previously observed in Edinburgh, 
Scotlandd (13], where sequences from three out of three 
heterosexual lyy infected individuals clustered with the 
I D UU sequences. Based on these data, the common ori-
ginn of the viruses in I D U and heterosexuals in Scotland 
hass been proposed (13]. Sequence similarity between 
thee viruses from ID U and heterosexuals has also been 
repor tedd in N o r w ay [12], but in that study all four 
heterosexuallyy infected individuals were known to be 
sexuall  partners of IDU . Based on the epidemiological 
dataa col lected for all individuals, we were unable to 
de te rm inee w h e t h er the presence of G GC viruses in 
heterosexualss could be the result of direct transmission 
fromm I D U or via intermediate heterosexual transmis-
s ion^).. T w o (18%) out of 11 individuals with the GGC 
v i ruses,, for w h om this i n fo rma t i on was available, 
reportedd sexual contacts with IDU . Ten (56%) out of 
188 individuals infected by the G GC viruses, for whom 
thiss information was available, reported sexual contacts 
wi t hh mul t ip le partners (five or more partners m the 
precedingg 6 months or 10 or more partners in the last 5 

years),, some of w h om may have been I D U . In the 
wholee study population of 54 individuals, we identified 
11 5 individuals w ho were most l ikely to have been 
infectedd in The Nether lands (those of Dutch origin 
w hoo did not report contacts wi t h indiv iduals from 
AIDS-endemicc regions). For the rest of the individuals 
(399 out of 54), the likely country of infection is uncer-
tainn because of the absence of data (Fig. 1). Amongst 
t hee 15 i n d i v i d u a ls m o st l i ke l y i n f ec ted in T he 
Netherlands,, eight (53%) had G GC viruses. The pro-
port ionn of individuals with Dutch nationality was twice 
ass high in the G GC group (11 out of 22, 50%) as in the 
n o n - G GCC group (eight out of 32, 25%; P = 0.06). 
Basedd on molecular and epidemiological data, we sug-
gestt that about one-half of subtype B-infected hetero-
sexualss in Amsterdam are likely to have been infected 
(directlyy or indirectly) by IDU . 

T hee m e an s e q u e n ce d ivers i ty a m o n g st the G GC 
sequencess in heterosexuals was considerably lower than 
thee mean sequence diversity reported for the countries 
wit hh a relatively long (more than 10 years) history of 
HIV- 11 epidemics, such as the United States or many 
E u r o p e ann coun t r i es, in wh i ch the mean sequence 
d i v e r s i tyy of t he V 3 r e g i on is a b o ve 10% 
[9,12,18,22,24,25].. On the other hand, relatively low 
levelss of sequence diversity have been repor ted for 
populat ionss with a short history of HIV- 1 epidemics 
t hatt s ta r ted af ter a s ing le v i rus i n t r o d u c t i on 
[9,13,15,22,24-30].. Higher heterogeneity of the non-
GGC"" sequences compared with the G GC sequences 
observedd in our study suggests an older or, more likely, 
lesss uniform origin of HIV- 1 infections in individuals 
w i t hh n o n - G GC viruses [9 .13 .15 ,26 ,27 ,31 ]. These 
virusess may originate from other risk groups m The 
Netherlandss as well as from abroad. 

Inn s u m m a r y, wh i l e the early H I V - 1 e p i d e m ic in 
Westernn Europe and the United States has been mainly 
restrictedd to homosexual men and IDU , recent studies 
havee showed increasing HIV- 1 incidence associated 
wi t hh heterosexual transmission. O ur study d e m o n-
stratedd that a substantial number of HIV- 1 infections 
amongg heterosexual ly infected individuals may have 
originatedd from IDU . 
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ABSTRAC T T 

Nationwidee serosurveiltance was conducted among 21 HIV/AIDS centres to study 
epidemiologicall factors influencing the distribution and spread of HIV-1 subtypes among 
heterosexualss in the Netherlands. Blood samples were collected from persons diagnosed 
HIV-11 positive from 1997 to 1999, for whom the mode of HIV transmission was 
heterosexuall contact or unknown. HIV-1 subtypes were determined by phylogenetic 
analysiss of envelope V3 sequences and correlated with sociodemographic characteristics 
off the subjects and their sexual partners if identified. 

Amongg the 200 subjects, 6 0 % (n=121) were infected with HIV-1 subtype B. Non-B 
subtypess identified were: 
AA (n=31) , C (n = 24), D (n = 10), E (n=6) , F (n=4 ) , G (n=3) , and unclassified (n = l ) . In 
fourr of the six regions, the proportion of subtype B viruses was about 6 0 % , but in the 
Northwestt and Southwest regions these proportions were 76% and 4 6 % , respectively. 
Thee Surinamese and Antilleans, large immigrant groups in the study population, were all 
infectedd with subtype B. So were almost all individuals who did not know how they 
becamee infected. 

Inn Amsterdam, where HIV-1 subtypes were studied among samples obtained f rom 1988 
onward,, the proportions of non-B viruses did not change significantly over t ime, but a 
shiftt in the various subtype B strains was observed, suggesting introductions of new 
subtypee B strains in Amsterdam. 

Too date, HIV-1 non-B subtypes in the Netherlands are still found predominantly among 
heterosexuall individuals with an epidemiological link with sub-Saharan Africa. Despite 
continuingg introductions of non-B subtypes, the B/non-B distribution has been stable over 
t ime,, most likely due to simultaneous introductions of subtype B strains from Caribbean 
andd South American countries. 

INTRODUCTION N 

Ass in most Western European countries, the epidemic of the human immunodeficiency 
viruss (HIV) in the Netherlands started in the early 1980s, primarily affecting homosexual 
menn and injecting drug users (IDUs).1 '2 Currently, the total number of people living with 
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HIV/AIDSS in the Netherlands is estimated at 15.000.3 The absolute number of 
heterosexuallyy infected individuals as well as the number of imported HIV infections is 
unknown,, but the relative impact of heterosexual transmission among the AIDS cases is 
increasing.4"66 For several heterosexual subpopulations in Amsterdam including persons 
attendingg sexually transmitted disease (STD) clinics, blood donors, and pregnant women, 
thee HIV prevalence is relatively low (< 1-2%) and stable over time.7"10 

Thee molecular epidemiological studies on HIV-1 conducted so far in the Netherlands have 
mainlyy focused on various HIV-1 risk groups in the city of Amsterdam. Among 
homosexuall men and IDUs, these studies found almost exclusively subtype B viruses,11"13 

butt in the heterosexual population, they identified the env HIV-1 subtypes A-G and K, as 
welll as recombinant strains, all of which originated largely from sub-Saharan Africa 
exceptt for subtype B strains which are found predominantly in people from Western 
countries.14"177 This f inding raised the public health concern that non-B subtypes from 
developingg countries, where the predominant route of transmission is heterosexual 
intercourse,, might spread among the indigenous Dutch heterosexual population. To date, 
theree is no nationwide systematic data regarding the distribution and spread of various 
HIV-11 subtypes and related sociodemographic characteristics among heterosexuals in the 
Netherlands.. The proportions of subtypes in different parts of the country could be 
expectedd to vary due to risk group and ethnic variation in the HIV-1 infected population. 
Too study the geographic distribution and heterosexual transmission patterns of the 
geneticc subtypes of HIV-1 nationwide, the Municipal Health Service (MHS) in Amsterdam 
startedd in April 1996 surveillance for HIV-1 subtypes. In this surveillance, blood samples 
andd epidemiological data were collected f rom diagnosed HIV-1 positive heterosexuals 
betweenn 1997 and 1999. The frequency of subtypes was studied in relation to country of 
or ig in,, presumed country of infection and the risk group of sexual partners. 

MATERIAL SS AN D METHODS 

Organ iza t io nn o f th e survei l lanc e syste m 
Inn 1996, 25 HIV/AIDS centres across the Netherlands were invited to participate in the 
Dutchh HIV-1 Subtype Surveillance designed to track HIV-1 subtypes among 
heterosexuallyy infected individuals who tested HIV-1 positive between 1997 and 1999. Of 
thesee centres, 21 participated as follows (sample collection 1). For each HIV-1 positive 
test,, a questionnaire was sent to the patient's physician. For individuals, who most likely 
acquiredd the HIV-1 infection by heterosexual contact as determined by other HIV risk 
factorss such as homosexual contacts, injecting drug use, and haemophilia, and those for 
whomm the source of infection was unknown, serum or plasma samples were collected. In 
eachh case, the physician collected information regarding the patient's gender, age, city of 
residence,, national i ty, country of birth, ethnicity, presumed country where the HIV 
infectionn was acquired, presumed year of infection (according to the patient's statement 
and/orr dates of the last HIV-negative and first HIV-positive test) and year of AIDS 
diagnosis.. Informat ion was also collected concerning the risk factors of sexual partners 
( IDU,, homosexual contacts, recipient of HIV contaminated blood (products), and origin 
f romm AIDS-endemic area). The samples were transported to the department of Human 
Retrovirologyy of the Academic Medical Center (AMC) in Amsterdam, where the HIV-1 
strainss were sequenced. Epidemiological data was collected at the MHS. The HIV-1 
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subtypee results were reported back to the participating physicians and added to the 
databasee at the MHS. 

Forr Amsterdam, additional surveillance data was augmented by samples and 
epidemiologicall information collected from recently diagnosed HIV-1 positive 
heterosexualss through three HIV surveys conducted in that city (sample collection 2). 
Thee survey sites included two Amsterdam hospitals, one midwife practice where pregnant 
womenn were tested for HIV, an STD clinic which twice a year conducts a cross-sectional 
studyy among 1000 visitors, and the MHS facility for persons requesting an HIV test on 
theirr own initiative. Samples and epidemiological information collected through these HIV 
surveyss covered approximately one decade.7"9 The HIV-1 subtypes circulating among 
heterosexualss who became infected between 1988 and 1996 (n=90) are described in two 
previouss studies.15"18 In the present study, we compare those strains with the strains 
identifiedd between 1997 and 1999 to reveal possible changes in HIV-1 distribution over 
t imee in Amsterdam. 

Sampl ee col lection , sequencin g an d phylogeneti c analysi s 

Inn tota l , serum or plasma samples were collected for 320 individuals diagnosed HIV-1 
positivee at 21 Surveillance sites in the Netherlands or three survey sites in Amsterdam. 
Thee individuals acquired the HIV-1 infection either by heterosexual intercourse or an 
unknownn source. 
Usingg methods described previously,19 we isolated and directly amplified the HIV-1 
sequencee in each case, by using PCR primers that enclose the V3 region of the HIV-1 
envelopee (env) gene (276 nucleotides). Of the 320 specimens, three were from HIV-2 
infectedd patients and were therefore excluded from this study. HIV-1 RNA from 215 of 
thee 317 remaining specimens was successfully amplif ied, and sequences were obtained 
fromm 200 samples, which comprised the ult imate study population. PCR failure showed no 
associationn with study site, gender, age, or AIDS diagnosis (chi-square test, p>0.05) , but 
individualss from Africa showed a PCR negative result more often than individuals f rom 
thee Netherlands, albeit with a borderline significance (chi-square test, p=0.05) . 
Off the 200 samples, 173 were included via the Dutch HIV-1 Subtype Surveillance 
(samplee collection 1). The remaining 27 were asymptomatic individuals included via the 
threee HIV surveys conducted in Amsterdam (collection 2). The majori ty of the study 
populationn was diagnosed HIV-1 positive at university hospitals (70%), whereas the 
remainingg individuals were diagnosed at MHS sites, regional laboratories or their 
physician'ss office. Of the study population, 6 1 % had not been tested previously for HIV. 
Off the individuals that were tested previously, 70% had a previous HIV-1 positive test 
resultt of which the majority was tested in 1995-1996. 
Amongg the 200 samples that were sequenced, 11 were from the North, 73 f rom 
Northwest,, 42 from Southwest, 30 from the East, 17 f rom the South, and 27 from the 
Centrall region in the Netherlands. The samples were classified according to the subject's 
placee of residence or, if this information was not available, the city where the HIV test 
wass conducted. 
Thee V3 sequences were phylogenetically analysed by using the Neighbour-joining method 
(MEGAA program).2 0 To evaluate the consistency of the phylogenetic clustering, the 
sequencess were subjected to bootstrap analysis. Bootstrap values above 75 were 
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consideredd definit ive for significant clustering.21 The phylogenetic trees were based on 
Kimura-2-parameterr distances 22 or synonymous p-distances, since the latter method is 
sometimess more powerful in showing risk-group-related differences. Reference strains 
f romm each subtype were included in the trees.23 

Signatur ee pa t te r n analysi s 

Previouss Amsterdam studies have shown that subtype B viruses f rom different risk 
groupss can be distinguished on the basis of mutations in various genomic regions.11"13 

Amongg the major i ty of Amsterdam IDUs, a synonymous nucleotide substitution (GGC) 
wass observed in the second glycine codon (position 312) at the t ip of the V3 loop 
(GPGR),, while among homosexual men the GGG (or GGA) variant was observed. 
Heterosexualss in Amsterdam carry both variants, and a relatively large proportion of the 
subtypee B viruses found in heterosexuals harboured the GGC mutat ion, suggesting 
transmissionn of HIV from IDUs to the non-drug using heterosexual population. Since the 
GGCC mutat ion is stable during intrahost evolution,13 a change in the distribution of these 
GGC/non-GGCC subtype B viruses most likely represents new virus introductions in a 
populat ion.. To study the possibility of new subtype B virus introductions in Amsterdam, 
wee examined all subtype B sequences - f rom reported heterosexuals including individuals 
wi thh unknown risk factors - for these signatures. 

Stat is t ica ll  analysi s 

Too identify variables that were associated wi th HIV-1 subtype the chi-square test, Fisher's 
exactt test and the Mann-Whitney test were used to evaluate differences in proportions 
andd means (SPSS, version 9.0). The outcome variable was dichotomous (subtype B 
versuss non-B subtypes, or PCR-positive versus PCR-negative); gender, age, country of 
or ig in,, and city of residence were the independent variables. To test changes over t ime in 
proport ionss of subtype B strains with the GGC or non-GGG codons (as an indication of 
neww virus introductions in Amsterdam), the chi-square test for linear trend was used 
(Epi- info,, version 6.0), A p value of <0.05 was considered significant. 

RESULTS S 

HIV-1HIV-1 heterogeneity among heterosexuals in the Netherlands 
Figuree 1A shows the phylogenetic tree for all the sequences classified as subtype B (60% 
off our sample), while f igure I B shows all the non-B sequences: A (n=31) , C (n=24) , D 
(nn = 10), E (n=6 ) , F (n=4 ) , G (n=3) and unclassified ( n = l ) . The subtype A cluster is not 
statist icallyy supported by bootstrap analysis, which illustrates the heterogeneity of this 
clusterr (fig IB ) . The subtype F cluster includes the subgroups F l and F2 16"24 of which F l 
wass highly significant (bootstrap value: 100%). 
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Subtypee B 

Figg 1A. Phylogenetic tree of HIV-1 subtype B sequences from heterosexuals in the Netherlands 
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Figg IB . Phylogenetic tree of HIV-1 non-B sequences from heterosexuals in the Netherlands 
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Thee F l subgroup includes strains from Africa, Brazil, and Romania, wi th strain 416 from 
Sudann being classified as subgroup F2. The subtype C cluster showed, as subtype A, a 
highlyy diverse structure and we observed the presence of viruses in the Netherlands 
belongingg to C subclusters described previously.25 One unclassified strain (303) was 
placedd interspersed in the phylogenetic tree. When examined in more detail by bootscan 
analysis,, as implemented in the Simplot program,26 it appeared to represent a highly 
diversee variant of subtype A or H, or a recombinant of those two subtypes (data not 
shown). . 
Figg 2 shows the HIV-1 subtype distribution in the Netherlands. In four of the six 
geographicc regions, the proportion of subtype B viruses is about 60%. In the regions 
Northwestt (Amsterdam and vicinity) and Southwest (Rotterdam, The Hague, Delft and 
Leiden),, the proportions were: 76% and 4 6 % , respectively. In the Southwest area, the 
varietyy of genetic subtypes was the highest compared to other regions in the 
Netherlands. . 

HIV-1HIV-1 subtypes and heterosexual risk 
Tablee 1A summarizes the sociodemographic characteristics of the study population, in 
relationn to subtype B and non-B strains. Statistical analysis of the epidemiological data 
revealedd that the variables 'origin of subject' and 'heterosexual risk during a stay in an 
AIDS-endemicc area' were strongly associated with the genetic subtype (p<0.0001) . The 
variabless 'gender', 'year of the HIV-positive test result', 'previously tested for HIV', 
'previouss test result', 'year of the previous test result' and 'having an AIDS diagnosis', 
weree not related with the genetic subtype (p>0.05) (data not shown). 
Moree than half of our subjects are of non-Dutch origin, but the majori ty (96%) lives in 
thee Netherlands. The sub-Saharan Africans formed the largest immigrant group; they 
originatedd from 21 different countries (table 1A). 9 3 % of the sub-Saharan Africans had a 
non-BB infection. Of the indigenous Dutch population with a non-B infection, 53% most 
likelyy acquired the infection while travelling in sub-Saharan Africa, and 33% reported 
sexuall risk in the Netherlands with a partner from sub-Saharan Africa. When a non-B 
infectionn could not be linked with an AIDS- endemic region, it was usually because 
variouss sexual partners were reported, but sometimes simply no further information had 
beenn collected by the patient's physicians. 

Amongg persons with a subtype B infection (n = 121), the largest group included people 
indigenouss to the Netherlands and other European countries (n = 71). The second largest 
groupp (n=34) , originated either from the Caribbean (the Netherlands Antilles and the 
Dominicann Republic) or from South America (Surinam, Brazil, and Ecuador). Of the 
secondd group, 56% reported that they most likely acquired the HIV-1 infection in these 
areas;; either when living there in the past or travelling there; 4 4 % reported sexual 
contactt in the Netherlands with a partner originating from these areas. In a third group, 
sixx individuals with subtype B originated from North Africa (Morocco n=3 , Algiers n = l , 
Egyptt n = l and the Cape Verde Islands n = l ) and two from Asia (Singapore and 
Indonesia). . 

Sexx with a drug using partner accounted for 9% (11/121) of the subtype B infections, 
whilee five individuals had sexual contact with a homo- or bisexual partner. These five 
weree all transsexuals (male to female), with a history of homosexual contacts, and four 
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carriedd a virus with a non-GGC mutation (GGG or GGA), the virus that largely infects the 
non-drugg using homosexual population in the Netherlands.11 13 

Tablee 1 A. Subjec t characteristic s and HIV-1 subtype s among heterosexual s in the Netherlands 1. 

Characteristi c c nn (%) Subtyp e B (%) non-B p value 
subtype ss  (%} 

Demographic c 
Genderr (n=195) 

Male e 
Female e 
Transsexual l 

Mediann age2 

Residencee in the Netherlands (n=185) 
Yess (total) 

North h 
South h 
Central l 
Northwest t 
Southwest t 
East t 

No3 3 

Originn of subject (n=195) 
thee Netherlands 
Otherr European countries4 

Northh Africa 5 

sub-Saharann Africa 6 

Caribbean// South America 7 

Asia8 8 

Other9 9 

Heterosexuall risk 
Partnerr HIV positive/AIDS (total) 

-IDU U 
-- Partner heterosexual risk 
-- Risk partner unknown 

Duringg stay in HIV endemic area 
Duringg stay in other European country (Greece,Turkey) 
Inn the Netherlands with partner from HlV-endemic area 
Partnerr who was IDU 
Variouss sexual partners 
Sexuall contact with CSW 10 in the Netherlands 
Subjectt is/was CSW 
Heterosexuall contact, no extra information obtained 

Otherr or unknown risks 
Transsexual,, no drug use 
Otherr risks 11 

Subjectt has no idea how he/she became infected 

Clinical l 
AIDSS diagnosis (n=121) 
Yes s 
No o 

900 (46.2) 
1000 (51.3) 

55 (2.6) 
35.0 0 

1788 (96.2) 
111 (6.2) 
155 (8.4) 
244 (13.5) 
688 (38.2) 
288 (15.7) 
277 (15.2) 

77 (3.8) 

866 (44.1) 
122 (6.2) 
77 (3.6) 

466 (23.6) 
355 (18.2) 
77 (3.6) 
22 (1.0) 

599 (65.6) 
544 (54.0) 
55 (100) 

37.0 0 

1022 (57.3) 
66 (54.5) 

111 (73.3) 
144 (58.3) 
500 (73.5) 
144 (50.0) 
133 (48.1) 
22 (28.6) 

611 (70.9) 
100 (83.3) 
66 (85.7) 
33 (6.5) 

344 (97.1) 
22 (28.6) 
22 (100) 

311 (34.4) 
466 (46.0) 
00 (0) 

32.5 5 

766 (42.7) 
55 (45.4) 
44 (26.7) 

10(41.7) ) 
18(26.5) ) 
144 (50.0) 
14(51.9) ) 
5(71.4) ) 

25(29.1) ) 
22 (16.7) 
11 (14.3) 

433 (93.5) 
11 (2.9) 
5(71.4) ) 
00 (0) 

199 (9.5) 166 (84.2) 33 (15.8) 

<0.05 5 

<0.05 5 

<0.0001 1 

<0.05 5 

4 4 
3 3 

12 2 
71 1 

2 2 
17 7 
10 0 
15 5 

6 6 
1 1 

24 4 

5 5 
5 5 

24 4 

40 0 
81 1 

(2.0) ) 
(1.5) ) 
(7.1) ) 

(35.7) ) 
(1.0) ) 
(8.5) ) 
(5.0) ) 
(7.5) ) 
(3.0) ) 
(0.5) ) 

(12.1) ) 

(2.5) ) 
(2.5) ) 

(12.1) ) 

(33.1) ) 
(66.9) ) 

3 3 
2 2 

10 0 
11 1 

2 2 
10 0 

8 8 
14 4 

6 6 
1 1 

23 3 

5 5 
3 3 

22 2 

26 6 
46 6 

(75.0) ) 
(66.7) ) 
(83.3) ) 
(15.5) ) 
(100) ) 
(58.8) ) 
(80.0) ) 
(93.3) ) 
(100) ) 
(100) ) 
(95.8) ) 

(100) ) 
(66.7) ) 
(91.7) ) 

(65.0) ) 
(56.8) ) 

11 (25.0) 
11 (33.3) 
11 (8.3) 

600 (84.5) 
00 (0) 
77 (41.2) 
22 (20.0) 
11 (6.6) 
00 (0) 
00 (0) 
11 (4.2) 

00 (0) 
22 (33.3) 
22 (8.3) 

14(35.0) ) 
355 (43.2) ] ] 

<0.0001 1 
n.t.. 12 

n.s.' 3 3 

n.s. . 
<0.01 1 
<0.05 5 
n.t. . 
<0.01 1 

n.s. . 
n.s. . 
<0.01 1 

n.s. . 

11 Totals may vary due to missing values; 2 age at moment of filling out the questionnaire; 3 residence in: Germany, Spain, 
Malawi,, Rwanda, US; 4 Germany, Spain, Denmark, Greece, Portugal, Romania, Ireland; 5 Morocco, Egypt, Algeria; 6 Angola, 
Cameroon,, Cape Verde Islands, Djibouti, Ethiopia, Gambia, Ghana, Guinea, Kenya, Liberia, Malawi, Nigeria, Rwanda, Somali, 
Southh Africa, Sudan, Togo, Uganda, Zambia, Zimbabwe, Democratic Republic of Congo; 7 Curacao, Surinam, Dominican 
Republicc and Dutch Antilles not specified; 8 Thailand, Indonesia, Singapore, India; 9 USA, Russia; 10 CSW= commercial sex 
worker;; 11 rape or blood contamination; 12 n.t.= not tested; 13 n.s.= not significant 
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Figg 2. Distr ibution of HIV-1 env subtypes in the Netherlands 
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Off the study population, information on heterosexual risk was not received for 16% 
(32 /200) ,, and a similar proportion did not know how he/she became infected (n=24) . 
Interest ingly,, 9 4 % of these were infected with subtype B (table 1A and IB ) . An infection 
wi thh subtype B was observed also for the majori ty of subjects whose reported a history 
off heterosexual promiscuity or visits to commercial sex workers. Of the 24 individuals 
whoo did not know how they became infected, the majority (68%) harbored a subtype B 
strainn with a non-GGC mutat ion. 

Tablee 1B. Transmissio n factor s and HIV-1 subtype s (%) among heterosexual s in the Netherlands . 

HIV-11 subtype ' A(n=31) B (n=121) C(n=24) D(n=10) E (n=6) F (n=4) G (n=3) 

Stayy in HIV-endemic area 

Partnerr from HIV-endemic area 

Partnerr who was IDU 

Variouss sexual partners 

Heterosexuall contact, no further information 

Subjectt has no idea how he/she became infected 

Subjectt is transsexual 

Otherr risks or risk unknown 1 

200 (64.5) 

3 3 

2 2 

1 1 

2 2 

1 1 

0 0 

2 2 

(9.7) ) 

(6.5) ) 

(3.2) ) 

(6.5) ) 

(3.2) ) 

(0) ) 

(6.4) ) 

111 (9.1) 

100 (8.3) 

88 (6.6) 

144 (11.6) 

233 (19.0) 

222 (18.2) 

55 (4.1) 

288 (23.1) 

19 9 

2 2 

0 0 

0 0 

0 0 

1 1 

0 0 

2 2 

(79.2) ) 

(8.3) ) 

(0) ) 

(0) ) 

(0) ) 

(4.2) ) 

(0) ) 

(8.3) ) 

10 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

(100) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

5 5 

1 1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

(83.3) ) 

(16.7) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

4 4 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

100) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

22 (66.7) 

11 (33.3) 

00 (0) 

00 (0) 

00 (0) 

00 (0) 

00 (0) 

00 (0) 

1:: HIV positive partner, Sex in exchange for money 

InfluxInflux of subtype B strains in the Netherlands 
Forr Amsterdam, we studied the HIV-1 subtype distribution among heterosexuals over 
t ime,, since samples and epidemiological information were collected through three 
surveyss for more than a decade (1988-1999). For this analysis, we included the 90 
sequencess from a previous study 1 5 1 8 and the 27 recently obtained sequences. Two 
sequencess showed high similarity with two other sequences and most likely were 
epidemiologicallyy l inked, and were therefore excluded from the analysis. All 115 subjects 
weree surveyed at the MHS in Amsterdam (see materials and methods). 
Inn fig 3A it was shown that there was no increase over t ime in the proportion of non-B 
virusess compared to subtype B viruses, present among the 115 heterosexually HIV-1 
infectedd in this eleven-year study period. Since non-B HIV-1 subtypes are continually 
introducedd in Amsterdam,1 4 17 we hypothesized that the ratio of B/non-B viruses remains 
stablee over t ime due to simultaneous introductions of new subtype B viruses. To test this 
hypothesis,, we examined the 75 subtype B strains for risk-group-specific nucleotide 
mutat ions. . 
Figg 3B shows that the percentage of viruses with a non-GGC mutat ion in Amsterdam 
increasedd significantly from 4 6 % in '88-'92 to 77% in '97-'99 (p<0.05) , suggesting influx 
off new subtype B viruses over t ime in the population of HIV-1 infected heterosexuals. 
Analysiss of the epidemiological information showed that a relative large proportion of the 
individualss having subtype B viruses with a non-GGC codon originated from South 
Americaa and the Caribbean countries (Surinam, the Netherlands Antil les, and the 
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Dominicann Republic), suggesting that the newly introduced subtype B strains in the 
Dutchh heterosexual population originates from these countries. 
Thee percentage of individuals with a non-GGC subtype B strain diagnosed HIV-positive in 
otherr parts of the country was 73% in the period '97-'99 and did not differ significantly 
fromm Amsterdam. 

DISCUSSION N 

Wee studied HIV-1 subtypes and heterosexual transmission patterns among heterosexuals 
diagnosedd from 1997 to 1999 in different regions in the Netherlands through prospective 
surveillance.. Phylogenetic analysis of 200 env V3 sequences revealed that seven different 
HIV-11 subtypes circulate among heterosexuals in the Netherlands, of which subtype B is 
thee most common subtype. For Amsterdam, we studied the HIV-1 subtype distribution 
amongg heterosexuals over a longer period: 1988 to 1999. Although non-B viruses are 
regularlyy introduced in Amsterdam, we found no significant increase of non-B viruses 
overr t ime, probably due to simultaneous introductions of subtype B strains f rom the 
Caribbeann countries and Sur inam; which have a colonial history with the Netherlands. 
Halff of the heterosexually HIV-1 infected persons in the Netherlands come from a foreign 
country.. Individuals from Surinam and the Netherlands Antil les, where subtype B 
predominates,233 comprise the second most important immigrant group in our HIV 
sequencee study. A report on the HIV epidemics in the Caribbean countries and Surinam 
suggestss that AIDS in that area is evolving from an epidemic that began in 1983 among 
homosexuall men to one in which infections are increasingly caused by heterosexual 
contact.288 Although the estimated number of HIV/AIDS cases is lower in Surinam than in 
thee Netherlands, the relative contribution of heterosexuals to the AIDS cases in Surinam 
iss 56%, compared to 15% in the Netherlands.3 The Caribbean region has one of the 
worstt HIV-1 epidemics beyond Africa with an estimated adult HIV seroprevalence of 
2 .3%% and a wide variation among countries.29 

Thee proportional increase of subtype B viruses with the non-GGC codon in Amsterdam 
andd the relatively large group of Surinamese and Caribbean people among those who 
carryy these viruses, suggests new virus introductions from that area, since most of these 
individualss reported sexual risk in their homeland. The higher percentage of subtype B 
virusess observed for the Northwest (Amsterdam and vicinity) compared to the Southwest 
(Rotterdamm and other cities) can be explained by the relatively high number of 
Surinamesee and Caribbean people living in Amsterdam; 4 2 % of the total number of 
Surinamesee live in Amsterdam, while 16% lives in Rotterdam.27 

Inn 33% of our subjects, HIV infection had progressed to AIDS: 2 5 % for the Dutch 
indigenouss population and 4 0 % for individuals from AIDS-endemic areas. Since the 
majori tyy of these persons had not been tested previously, they were probably unaware of 
theirr HIV status while being infected for a relatively long period of t ime. Possibly, 
heterosexualss in the Netherlands do not consider themselves being at risk for HIV. 
Amongg the individuals who had no idea of how they became infected (n = 24), 9 2 % had 
subtypee B viruses, mainly the non-GGC type, suggesting that individuals travelling in 
Africann countries are aware of the risk for HIV, in contrast to those having unprotected 
sexx either in the Netherlands or in Caribbean countries. 
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Figg 3A. Distribution of HIV-1 env subtypes over two time-periods in Amsterdam 
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Figg 3B. Distribution of subtype B GGC and non-GGC viruses over time in Amsterdam 

58 8 



H I V - 11 SUBTYPES AMONG HETEROSEXUALS IN THE NETHERLANDS 

Thee increase of non-GGC strains over t ime could also reflect exchange of viruses between 
thee heterosexual and homosexual population, since this type of virus also circulates 
amongg homosexual men in the Netherlands; however, only the five transsexuals included 
inn this study reported a homo/bisexual partner. Obviously, this group of 24 individuals 
couldd include a few men unwilling to acknowledge homosexual contacts. 

Amongg the Caribbean and Surinamese individuals, only subtype B viruses were identified. 
Thiss observation confirms the results from a previous study on sexual risk behaviour and 
sexuall mixing patterns among immigrant groups in Amsterdam.3 0 I t showed that 
comparedd to the Dutch indigenous population, the Surinamese, Antilleans, and sub-
Saharann Africans more frequently had multiple partners. Also they often had sexual 
relationss in the country of origin during a visit. Interestingly, there was a considerable 
degreee of sexual mixing between the Dutch indigenous population and both sub-Saharan 
Africann and Caribbean individuals, but not between the African and Caribbean people. 
Thiss finding might explain the absence of non-B viruses among the Caribbean and 
Surinamesee people in our study. 

Regardingg limitations to the present study, we attempted to include all important HIV 
testingg sites in the Netherlands. However, four did not participate in the Dutch HIV-1 
Subtypee Surveillance, and might have influenced the HIV-1 subtype distribution in the 
country.. Furthermore, 120/320 (38%) of the samples were PCR-negative despite use of 
aa PCR-system capable of amplifying the env subtypes A-K. Since there was a slightly 
higherr PCR- failure for samples from Africans compared to Dutch people, the proportion 
off non-B subtypes that we found in the Netherlands could be an underestimation. 

Inn conclusion, the HIV-1 molecular diversity in the Netherlands is to a large extent 
determinedd by the immigrant population structure, as in other Western European 
countries.. In those countries, the majori ty of the non-B infections are subtype A and C 
infections,311 but subtype distribution varies f rom one to another. In a recent study, 
discussingg the relative prevalence of HIV-1 subtypes in the United Kingdom,32 the 
majori tyy of infections among heterosexuals were with non-B subtypes. A study among 
Frenchh blood donors showed that the prevalence of non-B strains increased between 
19855 (4%) and 1995 (20%).3 3 

Althoughh non-B viruses have been introduced in the Netherlands, their percentage did 
nott increase over t ime. However, the shift in subtype B viruses (from a majori ty of GGC 
virusess to a majori ty of non-GGC viruses) shows that the distribution of HIV-1 subtypes 
inn the Netherlands is not stabilised but rather seems to be a dynamic process, which is 
influencedd by the influx of subtype B strains from countries with a Dutch colonial past. 
Thee number of ethnic minorities is currently still increasing, but since such movements 
relatee to many factors, it is difficult to predict whether the subtype distribution might 
change,, wi th the proportion of non-B infections increasing in the future. Africans are 
relativelyy 'new' immigrant groups compared to Antilleans and Surinamese, who have a 
muchh longer history with the Netherlands.30 The occurrence of disassortative mixing 
(sexuall contact between persons with distinct ethnicity) raises the potentiality for 
heterosexuall spread of non-B subtypes of HIV in the country. The role of immigrants in 
thee current HIV epidemic among heterosexuals in the Netherlands requires surveillance 
thatt addresses the heterosexual transmission of HIV, with specific attention for primary 
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infections.. Surveillance should cover immigrant populations from AIDS-endemic areas 
andd areas with increasing numbers of HIV infections, such as the African, Caribbean, 
Southh American and Asian countries. 
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Legend s s 

Figg 1. Unrooted neighbour-joining tree of HIV-1 subtype B env V3 sequences (1A) and 
non-BB sequences (IB) from HIV-1-positive heterosexuals, collected from 1997 to 1999 in 
thee Netherlands. The sequences were aligned with reference sequences from subtypes A-
JJ (underlined).23 The values at the nodes indicates the percentage of bootstraps in which 
thee cluster was found, using 100 replicates. The two trees include a few transmission 
cases,, indicated with *. 
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Mostt  HIV-1 subtyp e F viruse s describe d so far have been isolate d fro m individual s originatin g in South America , Romania , 
orr  Centra l Africa . Previou s studie s have show n that subtyp e F viruse s fro m thes e thre e areas can be distinguishe d by 
phylogeneti cc  tree analysi s of variou s part s of the HIV genom e Subtyp e F strain s circulatin g in Centra l Afric a and classifie d 
ass subgrou p F2 and F3 have relativel y larg e nucleotid e distance s fro m strain s of subgrou p F1, whic h include s some Africa n 
strains ,, alon g wit h strain s fro m Romani a and South Americ a Subtyp e F strain s have now appeare d in Europe . In thi s study , 
wee analyze d the complet e gag  gene and a larg e fragmen t of the pol  gene of seven strain s of Africa n origi n that represen t 
thee thre e F subgroups . At least fiv e of the seven strain s appear to be intersubtyp e recombinants . Of fou r strain s circulatin g 
inn Belgiu m and the Netherlands , thre e were F/D mosaic s and the fourt h harboure d a G9" ,/GHpo7F3"" * recombinan t structure . 
Twoo of the thre e F/D mosaic s showe d identica l breakpoint s and were independentl y introduce d in Belgiu m and the 
Netherland ss At least two of the mosaic s were furthe r transmitted . The remainin g thre e strain s of the seven we studie d were 
isolate dd fro m individual s in Cameroon . Two include d larg e or smalle r F1 fragment s in gag  and pol.  The thir d strai n was 
subtyp ee D alon g the entir e gag  and pol  fragment , A parenta l Africa n subtyp e F that showe d no evidenc e for recombinatio n 

w a ss not f o u n d S 2000 Academic Press 

INTRODUCTION N 

Humann immunodeficiency virus type 1 (HIV-1) strains 
off the major group M are subdivided into eight "pure" 
subtypess (A-D, F-H, J) and various circulating recombi-
nantt forms (CRFs) on the basis of phylogenetic analysis 
off partial and full-genome sequences (Korber ef at., 
1998).. Phylogenetic tree analyses reveal that the genetic 
subtypess of HIV-1 have nucleotide differences of 20-30% 
inn their envelope (env) gene (Korber et at., 1998). In most 
Europeann countries, HIV-1 subtype B is the predominant 
subtype,, but non-B subtypes have been introduced (Ar-
noldd ef a/., 1995; Alaeus ef at.. 1997; Lasky ef at. 1997). 

HIV-11 subtype F is predominantly found in Central 
Africa,, South America, and Romania (Dumitrescu ef a/., 
1994;; Apetrei ef at.. 1997). African countries where HIV-1 
subtypee F viruses have been detected are Cameroon 
(Delaportee ef a/., 1996; Triques ef a/., 1999), the Demo-
craticc Republic of Congo (DRC) (Mokili ef at., 1999; 
Triquess et a/., 1999), Gabon, and the Central African 
Republicc (CAR) (Triques ef a/., 1999). Reported preva-
encess of env HIV-1 subtype F viruses in these African 

Too whom reprint reauests should be addressed at Division of 
Publicc Health and Envronrrenl, Municipal Health Service. Nieuwe 
Achtergrachtt 100, 1018 WT Amsterdam, the Netherlands Fax- (31-20) 
555-5533.. F-mail- eodcoul^gggd.arrsterdarr.n 

countriess vary from 3% to approximately 10% (Janssens 
eff at., 1997; Takehisa ef a/., 1998). In some European 
countries,, sporadic cases of env HIV-1 subtype F viruses 
havee been reported, mainly among individuals with an 
epidemioiogicall link to Central Africa or South America. 
Recently,, seven subtype F cases were described in Bel-
gium,, six of which were independent introductions be-
tweenn 1985 and 1994 and one was a mother-to-child 
transmission.. At least two of these Belgium env subtype 
FF strains presumably originated from West Central Afri-
cann countries (Heyndrickx eta!., 1998). HIV-1 envsubtype 
FF viruses have also been introduced in the Netherlands 
andd strains of African origin have been isolated from 
individualss with an epidemiological link to the DRC 
(Wolfss ef a!., 1992). 

Authorss of a recent paper on the genetic heterogeneity 
off HIV-1 subtype F strains from Central Africa (Triques ef 
at.,at., 1999) apparently found certain strains difficult to 
classify.. These strains are genetically closely related to 
HIV-11 subtype F, but form distinct clusters beyond the 
subtypee F cluster first described, which included strains 
fromm Africa, Brazil, and Romania. To resolve the classifi-
cation,, the problematic strains were divided into three 
subgroups,, F1, F2, and F3, based on comparison of their 
envenv and gag sequences. Group F1 includes strains from 
Romania,, South America, and the DRC, whereas F2 and 
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FIG.. 1. Neighbour-joining phylogenetic trees of HIV-1 based on the V3 region of the env gene {276 nt, tree A), and the full genome of gag (1464 nt, 
treee B) and pol {1146 nt, tree C). The trees were constructed using a set of reference sequences from the Los Alamos GenBank- subtype A (U455, 
UG37);; B (RF, JRFL); C (92Br025, C220); D (UG114, NDK); F (93BR020 from Brazil and BEVI850 from the DRC); G (SE6165), H (90CR056, BEVI991); and 
JJ (SE9173, SE9280). For these subtypes full-length sequences were available, but for E and I, only env sequences were available. Other references 
usedd are 89BRbz162 and BEVI1052 from Brazil, and 96R95, 96R97, 97R101, and 97R105 from Romania. The numbers in the figure represent the 
bootstrapp value (100 replicates) for neighbour joining. Only bootstrap values higher than 70 are shown. 

F33 are represented by African strains from Cameroon 
{F2,, F3) and the DRC (F3). These subgroups have nucle-
otidee differences of 23.5-27.8% in env and 6.8-9.7% in 
p244 gag and may represent new subtypes (Triques etal., 
1999).. For most African strains classified as subtype F, 
sequencee information for the pol gene is limited and for 
thee gag gene mainly partial sequences were published. 
Wee therefore sequenced and phylogenetically analyzed 
thee complete gag gene and a large pol fragment for 
severall viruses that previously were identified as sub-

typee F on the basis of their env gene (Wolfs et ai, 1992; 
Nkengasongg et ai, 1994; Heyndrickx et ai., 1998; Op de 
Coull et ai., 1998). Four of these strains had been intro-
ducedd into Belgium and the Netherlands, where at least 
twoo were transmitted further, one passing from a mother 
too her child and one passing to a sexual partner. We 
examinedd these strains to determine which viruses cir-
culatingg in Belgium and the Netherlands are recombi-
nantt forms and which might represent the parental Afri-
cann subtype F Furthermore, we examined three strains 
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FIG.. 1— Continued 

fromm Cameroon that clustered as subtype F2 in order to 
understandd the phylogenetic relations between strains 
fromm the subgroups F1, F2, and F3 of HIV-1. 

RESULTS S 

Comparisonn with published African HIV-1 subtype F 
sequences s 

Inn order to phylogenetically characterize HIV-1 subtype 
FF strains of African origin introduced into Belgium and 
thee Netherlands and to understand the phylogenetic re-
lationss with published subtype F sequences from Africa, 
wee sequenced the entire gag gene and a large portion of 
potpot of seven HIV-1 strains that were previously classified 
ass env subtype F (Nkengasong ef a/., 1994; Janssens ef 
a/.,a/., 1997; Op de Coul ef at., 1998). The samples were 
collectedd after we conducted a BLAST search (Altschul 
eff at., 1999) on an HIV-1 subtype F virus that was intro-
ducedd in the Netherlands. In our previous study on HIV-1 
subtypee F viruses, in which we analyzed sequences from 
Romania,, we observed that an HIV strain isolated from a 
Dutchh man (R890820) who had a female partner from the 
DRCC clustered in the phylogenetic tree within the group 

off Romanian subtype F sequences (Op de Coul ef at, 
2000).. By using the BLAST search this sequence was 
comparedd with the HIV sequence database to identify 
thee most closely related African sequences. The 
R8908200 env sequence showed a high homology of 94 
andd 92% with two African subtype F sequences 
(BEVI1206andd BEVI1267) identified in Belgium. In the env 
V33 phylogenetic tree in Fig. 1A it is shown that the three 
envenv sequences clearly belong to the genetic subtype F, 
butt were placed beyond the Romanian and South Amer-
icann subclusters. HIV strain 93ZR6911, which was also 
introducedd in the Netherlands, clustered in between the 
subtypee F group that included reference sequences from 
Romania/Southh America and a group of Cameroon se-
quencess (CA4, CA16, CA20, 94CMr304, 94CMr271, 
94CMr275)) which were also tentatively characterized as 
subtypee F in the sequence database. Their distinct po-
sitionn from the Romanian/South American subtype F 
clusterr was previously observed by other researchers 
andd recently these sequences were classified as HIV-1 
subtypee F2 (Triques ef at., 1999). The BLAST search 
revealedd that the 93ZR6911 strain showed highest ho-
mologyy with strain GAVI354 (94%) from Gabon (Delaporte 
eff at, 1996), also tentatively registered as subtype F 
inn the sequence database. Furthermore, sequence 
93ZR69111 showed homology with the African strains 
EQTB11,, ZR36, MP535, and MP446, recently classified as 
subgroupp F3 (Triques ef at, 1999). To this day, only one 
subtypee F strain from sub-Saharan Africa has been de-
scribedd (BEVI850) that clusters consistently with subtype 
FF references in phylogenetic trees based on the env, 
gag,gag, and pot gene. This is due partly to the limited 
numberr of pot sequences available and partly to inter-
subtypee recombination. To examine the possibility of 
intersubtypee recombination among the subtype F strains 
introducedd in Belgium and the Netherlands, we se-
quencedd the complete gag gene (1464 nucleotides (nt)) 
andd a large fragment of po/( 1146 nt) of four strains, which 
clusteredd in env as F1 (R890820, BEVI1206, BEVI1267) 
andd F3 (93ZR6911). Additionally, we analysed three se-
quencess from Cameroon that clustered as subgroup F2 
(CA4,, CA16, and CA20). 

Thee gag sequences of the three env subtype 
F11 strains —R890820, BEVI1206 and BEVI1267 —were 
foundd to cluster together, as in the env tree, although this 
timee with subtype D references (Fig. 1 B). Furthermore, 
thee gag sequences formed a distinct subcluster within 
thee major subtype D cluster, with a bootstrap value of 
100.. One of the Cameroon sequences (CA4) also clus-
teredd within the D subtype but was highly divergent from 
thee subtype D references included in the tree analysis. 
Thee gag sequence of 93ZR6911 also showed a discor-
dantt branching from the env tree. Although it clustered 
ass subgroup F3 in env, it clustered as a highly divergent 
subtypee G strain in gag. As in the env tree, the strains 
CA166 and CA20 did not clearly group within the clusters 
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FIG.. 2. Bootscan analysis of the complete gag and partial env and pol sequences of four African recompinant strains to determine the 
recomhinationn breakpoints. The analysis is Pased on neighPour-joining tree analysis (Kimura two-parameter distances) with Pootstrapping. The 
Pootstrapp values that support the clustering of the query sequences with the references are plotted. The chosen window size is 300 nt, moving with 
stepss of 20 nt along the alignment. The recombination Preakpoints are visualised in the Pars aPove the graph. The unresolved parts of the genome 
aree shown in white. 

off gag reference sequences for the distinct subtypes A-J, 
althoughh they appeared to have more affinity with the 
subtypee F cluster than with other subtypes. We also 
constructedd a gag tree based on P24 sequences of 624 
ntt in which we included the P24 sequences MP255 and 
MP2577 obtained from the GenBank and classified by 
Triquess ef al. as subgroup F2 (data not shown). This tree 
showedd that the four strains from Cameroon also formed 
onee cluster in gag, but the bootstrap value of this cluster 
wass low (49). 

Althoughh these Cameroon sequences were recently 
classifiedd as a subgroup F2 of HIV-1 subtype F, their 
geneticc relationship with the subtype F1 cluster is similar 
too the relationship previously observed for the subtypes 

BB and D. In the phylogenetic tree based on the 1146 nt 
polpol fragments (Fig. 1C), the three pien7D»»s recombinant 
strainss R890820, BEVI1206, and BEVI1267 no longer be-
longedd to subtype D, but were placed in a distinct sub-
groupp with bootstrap value 82, close to the subtype F 
referencee sequences, but with the sequences CA16 and 
CA200 in between. The pol fragment of strain 93ZR6911 
clusteredd with bootstrap value 93 as a highly distinct 
variantt of subtype H. The CA4 sequence remained sub-
typee D in the tree based on pol sequences. So far, these 
resultss show that at least five out of seven African strains 
harbourr intergenic recombinant structures. 

Too determine whether the sequences with inter-
spersedd positions or long branches represent intersub-
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FIG.. 2 — Continued 

typee gag or pol intragenic recombinants, we constructed 
treess based on smaller overlapping segments of the gag 
andd pol gene of approximately 400 nt each. We did this 
analysiss for each putative recombinant sequence sepa-
rately.. This "short-fragment" tree analysis revealed that 
thee first 400 nt of gag sequence 93ZR6911 clustered 
interspersedd between the subtypes G and A, suggesting 
recombinationn between strains from the subtypes A and 
G.. The first 400 nt of the pol sequence 93ZR6911 clus-
teredd interspersed between subtypes G and H, indicat-
ingg that a recombination breakpoint is localised in this 
area.. The second and third parts of 400 nt clustered 
consistentlyy with the subtype H reference. The tree that 
includedd the first 400 nt of pol (protease and approxi-
matelyy 100 nt of RT) of the strains BEVI1206, BEVI1267, 
andd R890820 showed positions interspersed between 
subtypess D and F. The second 400 nt fragment of the 
threee strains clustered with subtype D, but the last frag-
mentt clustered again with subtype F. When the same 
analysiss was conducted for strains CA16 and CA20, the 
sequencess could not be assigned to any of the reference 

subtypess included in the gag (Fig. 1B) and pol tree (Fig. 
1C),, but consistently clustered with interspersed and 
similarr positions that were relatively near but not within 
thee subtype F cluster. These viruses may therefore be-
longg to a "new" subtype, but the possibility of intersub-
typee recombination should be studied more extensively 
beforee such a conclusion is reached. 

Localizationn of recombination breakpoints 

Thee Recombination Identification Program (RIP) was 
usedd to confirm recombination and to determine all pu-
tativee parents of the recombinant structures. The se-
quencess were compared with reference sequences of 
eachh subtype: A through J. The env\/3 sequences of the 
strainss CA4, CA16, CA20, and 93ZR6911 and the gag 
sequencess of CA16 and CA20, previously classified as 
F22 or F3, could not be assigned to any of the reference 
sequencess included in the RIP analysis. There were no 
clearr indications for recombination events in these re-
gions.. As expected, the pol sequences of R890820, 
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BEVI1267,, and BEV11206 showed most similarity with the 
referencee sequences for subtypes D and F. Strain 
93ZR69111 (gag plus pol sequence) consisted of parts 
belongingg to subtypes A, G, and H. The pol sequences of 
CA166 and CA20 contained fragments of subtype F, 
whereass the CA4 strain matched with the subtype D 
referencee along the entire gag and pol sequence. To 
determinee more precisely the breakpoints of the inter-
subtypee recombinant sequences, we performed 
bootscann analysis (Ray, 1999) as described under Mate-
riall and Methods. This analysis, in which a sliding win-
doww of 300 nt moved across the aligned sequences with 
stepss of 20 nt, confirmed the results that we observed in 
thee short-fragment tree analysis and the RIP analysis. 
Thee analysis was repeated with a window of 200 nt 
movingg with steps of 10 nt with similar results (data not 
shown).. The bootscan graph for the gag and pol se-
quencee of strain R890820 (Fig. 2A) shows at least three 
recombinationn breakpoints, the first within the gag gene 
att about nucleotide position 1250, and second and third 
withinn the reverse-transcriptase (RT) gene in pol. Inter-
estingly,, the bootscan analysis revealed identical break-
pointss in pol for BEVI1206 (Fig. 2A) and R890820, from 

Belgiumm and the Netherlands, respectively, and both rep-
resentt individuals with an epidemiological link with the 
DRC.. The F1en7DBa7DFpo1 recombinant sequences were 
ndependentlyy introduced in the two countries and be-
longedd to different individuals. Strain BEVI1267 (Fig. 2B) 
alsoo contained parts of the subtypes D and F, but certain 
partss of gag and pol could not be assigned to any 
subtypee of the HIV-1 group M. Strain 93ZR6911 (Fig. 2C) 
clusteredd with the subtype G reference in a 746 nt gag 
fragment,, and in the first 250 nt of the pol gene. However, 
thee rest of the pol sequence clustered with subtype H, 
whereass the env part showed most homology with the 
Braziliann subtype F reference. In contrast to the RIP 
analysis,, the bootscan analysis did not provide evidence 
forr a subtype A fragment in the gag gene. Figure 2D 
showss that sequence CA16 clustered with subtype F 
throughoutt the entire sequenced gag and pol fragment, 
althoughh the bootscan value did not consistently reach 
thee 70% level of significance. Partly this is due to the 
gag-polgag-pol transition area, which has a low sequence infor-
mationn density, and this causes a drop in the bootscan 
valuee at position 1100 in the graph. The gag, pol, and env 
regionss of strain CA20 showed a complex and partly 
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unclearr picture (not shown), but the first 400 nt of gag 
andd the last 800 nt of pol clustered with subtype F. The 
14000 nt in between these areas could not significantly be 
assignedd to any subtype. 

DISCUSSION N 

Inn our study of samples from seven individuals in-
fectedd with the HIV-1 env subtype F virus, we sequenced 
thee gag gene and an 1146 nt pol fragment in order to 
examinee the HIV strains for intersubtype recombination. 
Att least five of the seven HIV-1 strains, which repre-
sentedd subgroups F1, F2, and F3 (Triques et al., 1999), 
appearr to be intersubtype recombinants (R890820, 
BEVI1206,, BEVI1267, CA4, 93ZR6911). Three strains 
(R890820,, BEVI1206, and BEVI1267) are recombinants of 
subtypess F and D; subtype F in env and subtype D in gag 
withh two differing structures in pol. Strains R890820 and 
BEVI1206,, which were independently introduced in the 
Netherlandss and Belgium, show identical breakpoints in 
thee pol gene, halfway through the reverse-transcriptase 
gene.. This crossover site was previously observed (Cor-
nelissenn et al., 1996). To exclude the possibility that the 
strainss with identical breakpoints have an epidemiolog-
caii link we checked the birth dates of the female partner 

off R890820 and the Belgium woman BEVI1206 and they 
weree different. 

Thee strains CA4 and 93ZR6911 from Cameroon and 
thee DRC also represent various intersubtype recombi-
nants,, with strain 93ZR6911 including at least three sub-
types:: G, H, and what appears to be F. The eni/part of this 
strainn shows most homology with env regions of recently 
publishedd strains (Triques et al., 1999), classified as F3. 
However,, based on genetic distances Triques et al. dis-
cusss the possibility that these regions could originate 
fromm a new subtype. Strains CA16 and CA20 from Cam-
eroonn appear to be intersubtype recombinants that most 
likelyy include segments of an unknown subtype, but they 
alsoo include subtype F segments, which could explain its 
closerr relationship with subtype F in the tree based on 
gaggag and pol fragments. The problematic sequences 
thereforee do not fulfill all the criteria for a new subtype, 
sincee they do not consistently cluster in one group equi-
distantt from the other subtypes in each genomic frag-
ment. . 

Att least five of seven HIV-1 subtype F viruses of African 
originn that were included in this study appear to be 
intersubtypee recombinants. This could be due to sam-
plingg bias or to the relative rarity of HIV-1 subtype F in 
Africaa and the presence of many other subtypes. The 
parentall African subtype F virus was perhaps an unfit 
viruss that could not compete with the many other HIV-1 
subtypess circulating in Africa. The nonrecombinant sub-
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TABLEE 1 

Epidemiologica ll  Informatio n for Study Subject s 

Sample e 

R890820' ' 
BEVI1206 6 
BEVI1267" " 
93ZR6911 1 
CA4 4 
CA16 6 
CA20 0 

Gender r 

M M 
F F 
F F 
F F 
na' ' 
na a 
na a 

Originn of subject 

Thee Netherlands 
Belgium m 
Belgium m 
DRC C 
Cameroon n 
Cameroon n 
Cameroon n 

Yearr of 
sampling g 

1989 9 
==1994 4 
S1994 4 

1993 3 
1993 3 
1993 3 
1993 3 

Cityy of 
sampling g 

Amsterdam m 
Antwerp p 
Antwerp p 
Amsterdam m 
Yaoundé é 
Yaoundé é 
Yaounde e 

Riskk exposure 

Femalee partner from the DRC 
Travelingg in Africa 
Malee partner from DRC 
Heterosexuall contact 
na a 
na a 
na a 

HIVV env subtype 

F1 1 
F1 1 
F1 1 
F3 3 
F2 2 
F2 2 
F2 2 

** Evidence of transmission of F/D recombinant strains. 
"" na, information is not obtained. 

typee E parent of the E/A recombinant strain is still un-
identified,, while the E/A recombinant strain is spreading 
fastt in Asia. The high number of recombinants found 
amongg the relatively limited number of env subtype F 
virusess from Africa that have so far been sequenced 
suggestss that this virus has increased its fitness, either 
byy chance or as a survival mechanism, by recombining 
withh other subtypes that are more readily and widely 
spread.. In Brazil and in Argentina as well, recombinants 
andd mosaics that include subtype F fragments have been 
reportedd (Sabino era/., 1994; Marquina et al., 1996). The 
spreadd of a B/C strain in China and the A/G-lbMg in 
sub-Saharann Africa (McCutchan et al., 1999) strengthens 
thee hypothesis that recombination does not have to be 
disadvantageouss and may even promote the survival of 
thee virus. Recombination is a genetic mechanism for the 
generationn of multiple variants from single variants. It 
enabless the virus to try a number of variants in its 
strugglee with the host's immune system and eventually, 
thee fittest variant will surpass the others. So far, there is 
noo evidence that intersubtype recombination is harmful 
forr the HIV-1 virus. In fact, it has been shown that recom-
binantt viruses can readily spread further (McCutchan et 
al.,al., 1999). Two of the three F/D recombinants we studied 
weree further transmitted: one strain was passed on from 
aa mother to her child (BEVI1267) and another was sexu-
allyy transmitted (R890820). The independent introduction 
off similar recombinant HIV strains (R890820 and 
BEVI1206)) in two different countries could be coinciden-
tal,, but could also point to the emergence of this partic-
ularr recombinant strain. In that case, this F/D recombi-
nantt could become widely dispersed as time goes on. 

Inn this study we observed intragenic crossover sites 
withinn the gag and pol gene, in addition to those previ-
ouslyy described for the env (Neilson et al., 1999), gag, 
andd pol gene (Comelissen ef al., 1996; Korber et al., 1998) 
andd the long terminal repeat (Blanckard et al., 1999). The 
threee F/D recombinant viruses exhibited not only a 
breakpointt between the env and the gag gene but also 
evidencee for intragenic exchange within pol between 

7 2 2 

subtypee D and F strains. Intragenic recombination within 
thee pol gene is not surprising, since this gene is highly 
conserved,, and conserved parts of the genome are pos-
siblyy more subject to recombination. The crossover site 
thatt we observed in pol was not localized at the pro-
tease-reversee transcriptase transition point but within 
thee RT region. The pol fragments of the samples R890820 
andd BEVI1206 have similar breakpoints, suggesting a 
singlee shared crossover event in the past. Also possible, 
butt perhaps less likely, is that the crossover between the 
subtypess D and F occurred at the same positions in 
distinctt individuals who were coinfected with subtype D 
andd F strains. The breakpoint in the pol gene of strain 
BEVI12677 has a different location than in the other 
strains,, which implies that the exchange of sequence 
informationn between subtype D and F viruses has oc-
curredd at separate points during the course of the epi-
demic.. The recombination event most likely occurred in 
Centrall Africa, where the prevalence of non-B subtypes 
iss much higher than in Belgium or the Netherlands. 

Itt is striking to note that recombination seems to occur 
moree often between viruses that belong to the more 
closelyy related subtypes, such as subtype F and D or A, 
G,, and H. This observation was not pursued by our study, 
butt suggests the possibility that the strains with parts of 
moree closely related subtypes are not true recombinants 
butt consist of fragments with different evolutionary rates 
possiblyy caused by different immunological pressures. 
Onn the other hand, coinfections with distinct genotypic 
HIVV strains have been described (Diaz ef al., 1995; Janini 
eff al., 1998). In one study even with evidence of viral 
recombinationn in an acute seroconverter (Zhu ef al., 
1995). . 

Furthermore,, the categorization of HIV-1 viruses as 
differentt subtypes or as subgroups of a subtype (as F1, 
F2,, and F3) is basically a matter of arbitrary definition. It 
iss possible that the F subgroups represent unidentified 
subtypess with a relatively small nucleotide distance. 

Inn conclusion, this study demonstrates that three F/D 
recombinantss from Africa have been introduced indepen-
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dentlyy in Belgium and the Netherlands. Secondary trans-
missionn of at least two of these recombinant viruses has 
occurredd in both countries. The recent appearance of 
HIV-11 env subtype F viruses in Russia (Leitner et ai, 
1996),, the Philippines (Santiago ef ai, 1998), Belgium 
(Fransenn et ai, 1996), and the Netherlands (Op de Coul ef 
ai,ai, 1998) may suggest that subtype F is spreading. 
Whetherr its spread is the result of emerging recombinant 
strainss is a hypothesis that cannot be confirmed without 
additionall sequence analysis of other genes besides the 
env.env. Full-length sequence analysis is also needed to 
furtherr characterise and possibly rename the strains 
noww classified as F2 and F3. See Note added in proof. 

MATERIAL SS AND METHODS 

Stud yy subject s 

Sevenn samples seropositive for HIV-1 env subtype F 
weree obtained for sequencing from the Department of 
Microbiologyy of the Institute of Tropical Medicine in Ant-
werp,, Belgium, and the Academic Medical Center in 
Amsterdam,, the Netherlands. Four of these samples had 
beenn taken from heterosexual individuals living in the 
Netherlandss or Belgium. One of these (R890820) was 
obtainedd from a subject described in a previous study 
(Wolfss ef ai, 1992), a Dutch man, who suffered from an 
acutee HIV-1 infection in 1989 in the Netherlands. His 
HIV-seropositivee female partner originated from the DRC. 
Thee three other samples came from persons whose 
strainss were closely related to R890820, as determined 
byy a BLAST search of the HIV sequence database. They 
includedd BEVI1267, taken from a Belgium woman who 
acquiredd the virus from a HIV-seropositive partner from 
thee DRC and subsequently passed it to her child; sample 
BEVI1206,, taken from a Belgium woman who most likely 
becamee infected in Africa; and sample 93ZR6911, ob-
tainedd from a woman originally from the DRC who was 
livingg in Amsterdam (Op de Coul ef ai, 1998). Addition-
ally,, we sequenced three env subtype F strains that were 
collectedd from heterosexual individuals in Cameroon 
(CA4,, CA16, and CA20) (Nkengasong ef ai, 1994; 
Heyndrickxx ef ai, 1998). The env sequences of the 
sevenn viruses described in the present study were pre-
viouslyy published under Accession Numbers AJ228222, 
AJ228225,, AF032169, ZR9306911, X80541, X80443, 
X80448.. The 1464 nt gag and 1146 nt pol sequences were 
newlyy obtained for this study and submitted to the Gen-
Bankk under Accession Numbers AF247517-AF247523. 
Tablee 1 summarizes the epidemiological information that 
wass obtained for the seven study subjects. 

DNAA Sequencin g and phylogeneti c tre e analysi s 

Virall RNA was extracted from 100 ptl of serum (Am-
sterdam)) or culture supernatant (Antwerp) (Boom ef ai, 
1990)) and transcribed into complementary DNA (cDNA). 

Thee cDNA was used as templates for nested PCR am-
plificationn of sequences encoding almost the entire gag 
genee (p17, p24, p2, p7, p1, and p6), a total of 1464 nt, plus 
aa large portion of pol (the complete protease and half of 
reversee transcriptase), a total of 1146 nt. The 276 nt V3 
regionn of the env genes has been published previously 
(Wolfss ef ai, 1992; Heyndrickx et ai, 1998). We conducted 
nestedd PCR amplifications for both the gag and the pol 
fragments.. The gag gene was amplified in two parts of 
7299 nt and 735 nt, respectively. The pol gene was ampli-
fiedd in three partly overlapping fragments (A, 336 nt; B, 
5433 nt; and C, 487 nt) using primers and PCR conditions 
describedd in a previous paper (Cornelissen ef ai, 1996). 
Thee amplified double-stranded DNA products were di-
rectlyy sequenced in two directions on the ABI 377 auto-
maticc sequencer (Applied Biosystems, Foster City, CA) 
usingg the dye terminator primer set. The sequences were 
alignedd by using Clustal X (Thompson et ai, 1994) and 
subsequentlyy revised manually. The nucleotide align-
mentss were included in phylogenetic trees generated by 
thee neighbour-joining method (MEGA program) (Kumar 
etet ai, 1993) using Kimura two-parameter distances. The 
treess included reference sequences according to Los 
Alamoss (Korber ef ai, 1998) representing different HIV-1 
subtypess for which there is no evidence for intersubtype 
recombination;; subtype A (U455, UG37), B (RF, JRFL), C_ 
(92BR025,, C2220), D (94UG114, NDK), F (92BR020), G 
(SE6165),, H (90CF056, BEVI991), and J (SE9173, SE9280) 
(Salminenn et ai, 1996; Carr et ai, 1998; Gao et ai, 1998; 
Korberr ef ai, 1998; Laukkanen et ai, 1999). Subtype E 
andd I sequences were included only in the phylogenetic 
treee analysis of the env gene, since the gag and pol parts 
off these viruses show mosaic structures with subtypes A 
andd A/G, respectively (Carr ef ai, 1998). Bootstrap anal-
ysiss was conducted to test the phylogenetic clusters for 
statisticall significance. 

Examinatio nn fo r intersubtyp e recombinatio n 

Alll sequences were analysed with the Recombination 
Identificationn Program to examine the possibility of inter-
subtypee recombination in the env, gag, and pol frag-
mentss (Siepel et ai, 1995). The sequences were com-
paredd with reference sequences for the subtypes A to J. 
Whenn recombination was demonstrated, a more exten-
sivee analysis was conducted by phylogenetic tree anal-
ysiss of short genomic fragments. Subsequently the se-
quencess were scanned by an advanced technique of 
bootscanning,, as implemented in the SIMPLOT program 
forr Microsoft Windows, in which a panel of reference 
sequencess (sliding window) moves across the query 
sequencee (Ray, 1999). The bootscan analyses were con-
ductedd with various window sizes and window steps. In 
eachh step, a phylogenetic tree with 100 replicates was 
constructedd by NEIGHBOR, from the PHYLIP package, 
usingg Kimura two-parameter distances of DNADIST 
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(Felsenstein,, 1997). Sequence gaps were excluded from 

thee analysis. The bootstrap value of each query se-

quencee and its corresponding reference sequence were 

plotted.. Reference sequences that showed no relation-

shipp with the recombinant strains were removed, and the 

analysiss was repeated to simplify the graphic figure and 

too determine the breakpoints more precisely. This sec-

ondd bootscan analysis was done only when removing 

thee sequences did not significantly influence the shape 

off the graph and the bootscan values. The breakpoints 

weree localized as the midpoints of the transition from 

onee subtype to another. The bootscan analysis was con-

ductedd separately for the gag and pol genes (data not 

shown),, since their information density varies because of 

differencess in mutation variability. The env part could not 

bee analysed separately, given the shortness of the frag-

ment.. The bootscan analysis was therefore conducted 

forr the whole sequence, including the gag, pol, and env 

fragments.. Since intragenic differences in nucleotide 

variabilityy could disturb the result of the bootscan anal-

ysis,, we adjusted the window size from 200 to 300 nt and 

thee corresponding number of window steps (from 20 to 

100 nt) to see if the picture would change. The bootscan 

analysiss was also conducted in an effort to characterise 

genomicc fragments that could not be assigned to any of 

thee reference sequences in the phylogenetic trees. Frag-

mentss shorter than 200 nt and having a bootstrap value 

lowerr than 70% were considered to be not significant and 

thereforee unresolved. 
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Forr  reliabl e classificatio n of HIV-1 strain s appropriat e referenc e sequence s are needed . The HIV-1 geneti c subtyp e F has 
aa wid e geographi c spread , causin g significan t epidemic s in South America , Africa , and som e region s of Europe . Previousl y 
onlyy two full-lengt h sequence s of each of the HIV-1 subtyp e F subcluster s F1 and F2 have been described . To exten d the 
knowledg ee of subtyp e F variatio n on a complet e genom e level , thre e new virtuall y full-lengt h F1 sequence s were clone d and 
sequenced ,, two fro m Afric a and one fro m Sout h America . Compariso n of the new and previousl y describe d sequence s 
showe dd that monophyleti c clusterin g of the subcluste r F1 of subtyp e F is consisten t and highl y supporte d in all genom e 
regions .. Two additiona l full-lengt h strain s were show n to be mosaic s of subtype s F and D. These epidemiological ^  unrelate d 
F/DD sequence s showe d simila r chimeri c structure , suggestin g that they may represen t a previousl y undescribe d circulatin g 
recombinan tt  for m (CRF) This was supporte d by partia l sequence s fro m thre e additiona l unlinke d F/D recombinant s Geneti c 
distance ss in the phylogeneti c trees sugges t that the recombinatio n event leadin g to the putativ e CRF occurre d relativel y long 
ago,, clos e to the divergenc e of the F1 and F2 subclusters . Furthermore , all fiv e F/D recombinant s are linke d to the 
Democrati cc  Republi c of Congo , suggestin g that the origina l recombinatio n event too k plac e in central  Africa , p 2000 Academic 
Press s 

INTRODUCTION N 

AA high degree of variation among HIV-1 strains has 
resultedd in the establishment of multiple parallel evolu-
tionaryy lineages. Strains of HIV-1 are phylogenetically 
dividedd into three groups, M (major), 0 (outlier), and N 
(non-M-non-O),, of which the M group viruses are most 
widespreadd and form the majority of the HIV/AIDS pan-
demic.. The M group can be further divided into several 
differentt subtypes (A-K) (Korber ef a/., 1998; Triques ef 
ai.,ai., 2000). Subtype F is furthermore subdivided into two 
subclusters,, or subsubtypes, designated F1 and F2. For 
mostt subtypes, there are now a sufficient number of 
completee genome sequences available to demonstrate 
thatt the phylogenetic subtype classification is consistent 
inn all parts of the genome. 

Subtypee F strains have been found in significant num-
berss in South American countries such as Brazil and 
Argentinaa (Potts era/., 1993; Morgado eta!., 1994; Sabino 
eff ai, 1996, Louwagie ef at.. 1994; Gao ef ai, 1996b; 
Lukashovv ef a/.. 1996; Marquina ef ai, 1996; Camp-
odonicoo et ai, 1996), in Africa in the Democratic Republic 
off Congo (DRC) and Cameroon (Nkengasong ef a/., 1994; 
Lukashovv et ai, 1996), and in Europe in Romania, Russia, 

Too whom correspondence and reprint requests should be ad-
dressed,, hax +358-9-4744 8461. E-mair Mika.Salmmen^ktl.fi 

Cyprus,, and France (Dumitrescu ef a/., 1994; Liitsola ef 
ai.,ai., 1996, Kostrikis et ai. 1995; Simon et ai., 1996). See 
alsoo the HIV Sequence Database (http://hiv-web.lanl.gov; 
Korberr ef ai, 1998). The Cameroonian isolates and one 
strainn from the DRC form the F2 subcluster within the F 
cluster,, whereas the other strains fall into the F1 sub-
clusterr (Nkengasong ef ai., 1994; Lukashov ef ai., 1996; 
Triquess et ai.. 1999, 2000; Peeters et ai., 1998). 

However,, as with most HIV-1 sequences (independent 
off the subtype) available in GenBank, the majority of the 
availablee subtype F sequences are short sequence frag-
mentss (usually env or gag). So far only two full-length 
strainss of subtype F1 and two of subtype F2 have been 
clonedd and sequenced (Gao et ai., 1998b; Triques etal., 
2000).. Often HIV-1 strain subtypes are determined by 
sequencingg only one or a few short segments of the 
genome.. Such a typing strategy overlooks the fact that in 
additionn to evolving by accumulation of point mutations, 
severall studies conducted in recent years have shown 
thatt recombination between subtypes may be quite com-
monn (Robertson etal., 1995a). 

Piecemeall sequencing may not accurately describe 
thee genetic makeup of a virus, since the recombination 
eventss might have occurred elsewhere in the genome 
thann in the sequenced parts. This has frequently resulted 
inn a strain that was originally classified as belonging to 
aa single subtype later proving to be a mosaic of two or 
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moree subtypes after a full-genome sequence was pro-
ducedd (Robertson ef al., 1995b; Carr ef al., 1996; Gao ef 
al.,al., 1996a,b, 1998a) 

Inn addition to reports of independent unique chimeric 
strains,, some epidemics caused by recombinant HIV-1 
strainss have been encountered (Carr ef al., 1996; 1998; 
Gaoo ef al., 1996a; Liitsola ef al., 1998). In these cases the 
recombinantss behave like the genetic subtypes, forming 
monophyleticc clusters in phylogenetic analyses. Such 
epidemicc recombinants form a significant contribution to 
thee molecular epidemiology of HIV and have recently 
beenn given the collective designation of a circulating 
recombinantt form (CRF). Currently three such CRFshave 
beenn described, the AECM24Ö CRF prevalent in Southeast 
Asia,, the AGlbf,G CRF prevalent in western and central 
Africa,, and the ABK A L 1 6 3 CRF, which is found in several 
Easternn European countries (Liitsola et al., 1998, submit-
tedd for publication, a}. The common factor in all CRFs 
describedd to date is that one of the parental viruses 
belongss to subtype A. No CRFs that would not include 
subtypee A-derived regions have yet been reported. 

Too allow a better definition of the F subtype and re-
combinantss involving subtype F we have cloned and 
sequencedd three virtually complete subtype F viruses 
andd two F/D recombinants and compared them to exist-
ingg sequences. The two F/D recombinants were also 
comparedd to epidemiologically unlinked F/D recombi-
nantt strains from The Netherlands and Belgium (Op de 
Coull ef al., 1999). 

RESULTS S 

Full-lengt hh clone s 

Thee lengths of the cloned sequences were as follows: 
F9363,, 8925 bp; BZ126, 8962 bp; VI850, 8945 bp; VI1310, 
90833 bp; and VI961, 9005 bp. The open reading frames for 
thee genes were intact in all sequences, except in VI961, 
inn which pol was prematurely truncated due to a frame-
shiftt mutation at position 3696, and in F9363, due to a 
pointt mutation resulting in a premature stop codon at 
14733 in pol. All strains had two N F K B sites, three SP-1 
sites,, a normal TATA box, and a typical 3-nt bulge in the 
TARR stem region. However, the secondary structure pre-
dictionn for the TAR top loop for one of the isolates (VI850) 
indicatedd a 4-nt top loop instead of the normal 6-nt loop. 
Whetherr this has any consequences for the biological 
propertiess of the virus is uncertain. There was some 
minorr variation in the length of gag products in some of 
thee strains compared to what is usually seen. In BZ126 
andd VI850 the Gag protein was six amino acids longer 
thann it usually is in subtype F strains. 

Phylogeneti cc  analyse s 

Thee phylogenetic tree based on full-length sequences 
showss the clustering of the subtype F strains together 
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withh the F1 reference strain BR020 as well as the inde-
pendentt clustering of the F/D mosaic strams (Fig. 1). A 
recentlyy published F1 sequence (Tnques ef al., 2000) 
wass not included in our analyses, but preliminary anal-
ysiss indicates that it is a member of the F1 subtype. The 
bootstrapp values supporting subtype and CRF clades 
andd intraclade subclusters (AGlbNlJ and AE -,At. CRFs, the 
F11 and F2 subclusters within the F clade) were signifi-
cant. . 

Detaile dd analysi s of the newl y derive d complet e 
genom ee sequence s 

Similarityy plotting and bootscanning analysis of the 
newlyy derived BZ126, F9363, and VI850 complete ge-
nomee sequences showed them to be most closely re-
latedd to the BR020 subtype F reference sequence in all 
genomee regions and therefore verified their classifica-
tionn as new reference strains for subtype F subcluster F1 
(Fig.. 2). A similar analysis of the virtually full-length se-
quencess of isolates V11310 and VI961 revealed them to 
bee F/D mosaics and to possess multiple recombination 
sitess throughout the genome. Figure 3 compares the 
similarityy and bootscan plots. The locations of the break-
pointss in the two sequences are shown. A short gap 
regionn in the beginning of the sequence in the similarity 
plotss represents a region for which no genetic data were 
availablee (due to the PCR strategy). The sequence of the 
5'' LTR U3 was not present in the cloned provirus but was 
reconstructedd based on the 3' LTR sequence for the 
purposee of clarity. The breakpoints in VM310 and VI961 
aree mostly similar but some slight discrepancies can be 
observed. . 

Thee sequences were next broken into 12 independent 
fragmentss corresponding to the inferred recombined re-
gionss and separately analyzed phylogenetically (Fig. 4). 
Thiss analysts confirmed the inferred breakpoints for most 
regions.. However, the fragment corresponding roughly to 
thee pol p10 protease coding region —the third fragment 
inn Fig. 3 —could not be verified to belong to subtype F by 
thiss analysis (tree not shown), although the bootscan 
seemss to indicate such a result. In the similarity plot the 
regionn was unclassified, and it is possible that it is too 
shortt to be analyzed reliably. In some of the trees the 
bootstrapp values are probably affected by placing of the 
otherr sequences. For example, strain UG114 seems to 
causee a lowering of the value for the D cluster in Fig. 4C 
(thee value is 71% without UG114; not shown). This might 
reflectt the close relationship between the B and the D 
subtypes.. Also, in some other fragments the short length 
ass well as the inconsistent clustering of strains repre-
sentingg different clades leads to low bootstrap values. 
Ann example of this is the vif-vpr region, which is prob-
lematicc in subtypes A and G and the AE, „..,,. CRF that 
tendd to form a supercluster in this region (Carr ef al.. 
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FIGG 1. Phylogenetic analysis based on full-lengih sequences. The letter specifying the clade is shown in front of the isolate name. The new 
full-lengthh F subtype sequences are shown in boldface type. The F/D mosaic sequences are shown in boldface italics. Bootstrap values for each clade 
andd intraclade subclusters (italics) are shown next to the nodes. Method used: DNADIST Kimura two-parameter, 100 replicates. 

1998).. This explains the cross-clustering of subtypes A 
andd G in Figs. 4G and 4H. 

Thee seventh fragment (the end of pol and the begin-
ningg of vif) was supported by a low bootstrap value (65%) 
inn the phylogenetic analysis (Fig. 4F). The bootscan pic-
turee suggests that the region might have a short frag-
mentt of subtype D in the middle (particularly in the 
isolatee V11310, Fig. 3B), although this could not be con-
firmedd by individual fragment phylogenetic analysis. Us-
ingg the split decomposition analysis as implemented in 
Splitstreee supported the classification of this region as 
recombinantt (not shown). However, due to the low boot-
strapp value and uncertain similarity plot the whole frag-
mentt is shown as "unclassified" in the genome picture in 
thee middle (striped). The eighth and ninth fragments 
weree analyzed phylogenetically separately because in 
VM310VM310 they are different from each other: the eighth 
fragmentt is classified as subtype D, whereas the ninth 
remainss unclassified (shown as striped; this isolate was 
excludedd from Fig. 4H). In Figs. 3C and 3D the corre-
spondingg fragments (fragments 8 and 9) of the sequence 
VI9611 are shown as a contiguous region belonging to 
subtypee D. 

Inn summary, the LTR R and U3 region of isolates V11310 
andd VI961 consists of subtype F and gag of subtype D. 
Thee pol region consists of intervening subtype D and F 
fragmentss with some unclassified regions. Vif is unclas-

sifiedd and D in both strains, but although i/prand the first 
exonn of tat are also D in the strain VI961, they remain 
unclassifiedd in V11310. Vpu and env are F in both strains 
exceptt for a small fragment of D in the gp41 region (tat 
andd rev second exons and the region coding for the 
transmembranee part of gp41). Nef is derived from sub-
typee F. In short, these F/D mosaics seem to consist of 
closee to equal proportions of subtypes F and D. 

Comparativ ee analysi s of fiv e distinc t F/D mosaic s in 
gag-polgag-pol and env region s 

Thee isolates BEVI1206 and BEVi1267 were analyzed 
earlierr by env sequencing and were classified as F 
(Heyndnckxx ef a/., 1998). BEVI1206 was obtained from a 
Belgiann woman who probably was infected in the DRC 
andd BEV11267 was obtained from a Belgian woman who 
acquiredd the virus from a seropositive partner from the 
DRC.. Later, these strains were analyzed in the gag-pol 
regionn along with another strain, R890820, and all were 
foundd to be structurally similar F/D mosaics (Op de Coul 
eff a/., 1999). R890820 was isolated from a Dutch man 
whoo had a female partner from the DRC. No epidemio-
logicall link was evident between the three cases based 
onn available background information. 

Sequencess from these individuals were compared to 
thee newly obtained full-length F/D sequences, VI1310 
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FIG.. 2. Similarity plot (A) and bootscan (B) of the three new subtype F subgroup F1 complete genomes compared to the consensus reference 
sequences.. Similarity plots and bootscanning were performed as described under Materials and Methods, except that a window of 600 bp was 
employedd for reasons of clarity. Positions indicate alignment coordinates. (A) The BR020 reference was compared to the newly derived F1 sequences 
(solidd black lines) and to consensus reference sequences of subtypes A-K (gray dotted lines). (B) The bootstrap value of the F1 cluster of four 
sequencess was analyzed along an alignment of all reference sequences excluding F2 using neighbour-joining analysis. This was performed using 
thee bootscanning package for Linux. 

andd VI961, in the corresponding genomic regions (envV3 
andd gag-pol). The clustering of all five sequences is 
similarr in all regions analyzed (Figs. 5A-5C). The break-
pointt in the gag-pol region where the sequence changes 
fromm D to F was found to be located at the same site in 
alll five sequences (Fig. 5D; position 1980-2722 in 
HXB2r).. The fragment may contain two other possible 
recombinationn sites, first at position 1340, which corre-
spondss to 2148 in HXB2r (from D to F), and again at 
positionn 1420, which corresponds 2192 in HXB2r (from F 
too D), but there is some minor variation in the exact 
locationss (see Fig. 5D). However, this region is too short 
too allow for reliable interpretation. The results indicate 
thatt all five strains are likely to represent members of the 
samee recombinant HIV-1 evolutionary lineage. 

DISCUSSION N 

Thiss article describes the first full-length F/D intersub-
typee recombinant isolates and extends the known vari-

ationn of the F subtype subcluster F1 by providing three 
neww virtually full-length reference sequences originating 
inn Kenya, Brazil, and the DRC. The full-length sequences 
off all these strains belong to the F1 subcluster in all 
genomicc regions and consistently cluster with the previ-
ouslyy described full-length subcluster F1 reference strain 
BR020.. The phylogenetic structure of the F clade, and the 
F11 subcluster in particular, is now on a more solid basis 
thann before. Recent work by Triques ef ai (2000), which 
demonstratedd that subtype F does not form a homoge-
nouss clade, but is divided in two distinct subclusters, is 
furtherr supported by the analysis presented here. 

Inn addition, two full-length sequences with an inter-
subtypee mosaic pattern consisting of intervening frag-
mentss of subtypes F and D were described and their 
patternn of recombination and relation to other previously 
describedd recombinant viruses of subtypes F and D was 
analyzed.. In all the analyses, the virtually complete ge-
nomee sequences of the two F/D recombinant strains 
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FIG.. 3. Similarity plot and bootscan analyses of the new full-length F/D mosaics. Black solid line depicts subtype D. gray line depicts subtype F. 
Inn similarity plots the subtypes are shown as dotted lines, in bootscan pictures the outgroup (subtype C) is shown as a dotted line. The locations of 
thee breakpoints in the genome are shown in the middle as in HXBr2. Gray regions depict subtype F, white regions depict subtype D, striped regions 
representt unclassified regions or regions whose classification was uncertain. (A and B) Analyses of the strain V11310. (C and D) Analyses of the strain 

VI961. . 

resembiee one another to a great extent. The genome 
segmentt patterns and breakpoint locations are very sim-
ilarr (Fig. 3). A common source of infection was first 
consideredd based on the similar genetic structure of the 
isolates,, but there was no evidence for an epidemiolog-
icall link between the individuals. On the contrary, the 
backgroundd information suggested that the infections 
weree independent. However, the original source of the 
viruss could be traced to the DRC in all cases. This brings 
upp the possibility that the viruses represent an evolution-
aryy lineage that has been established from a point 
sourcee since the original recombination event occurred. 
Thee likely location of this event would be Central Africa 
andd possibly even the DRC, where multiple subtypes 
(includingg F and D) are known to circulate (Peeters ef a/., 
1998).. The DRC has been reported to have a relatively 
highh prevalence (5.3%) of subtype D compared to many 
otherr African countries. The prevalence for subtype F is 

alsoo high (8.9%) in the DRC as well as in neighboring 
countriess such as Cameroon (14.4%) and Gabon (3.2%). It 
cann be predicted that in a country with several genetic 
subtypess of HIV-1 circulating, the chance of a dual infec-
tionn with two different subtypes is high and thus the 
likelihoodd for generating intersubtype recombinant 
strainss is also high. 

Anotherr case of three independent, yet highly similar 
F/DD mosaic isolates found by others supports the exis-
tencee of an F/D evolutionary lineage originating in Cen-
trall Africa (Op de Coul etai, 1999). In this study all of the 
isolatess also could be traced back to the DRC. In com-
parisonss of the gag-pol and V3 sequences from these 
strainss and the newly described F/D mosaics all se-
quencess were found to be highly related. In phylogenetic 
analysis,, some variation between the five F/D strains 
wass found, but it is of a magnitude similar to that seen 
withinn the other CRF subclusters, in particularthe AECMM0 
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FIG.. 5. Phylogenetic analyses comparing the F/D mosaic isolates BEVI1206, BEVI1267, R890820, VI961, and V11310. (A) An analysis of a fragment 
off 1980 bp from the gag-pol region (location in HXBr2: 859-2838). (B) An analysis of the next 520 bp (location in HXBr2- 2839-3416). (C) An analysis 
off an env fragment of 260 bp (location in HXBr2: 7032-7301). Bootstrap values for the specific clades are shown next to the node. Bootstrap values 
forr the other subtypes are not shown, but were significant. {D) A similarity ptot analysis of the gag-pol region using the five F/D mosaics as a 
consensuss query. Black line depicts subtype D, gray line depicts subtype F. The breakpoint is located at around base 1980 (location 2838 in HXBr2). 
Otherr subtypes are shown by dotted lines. 

andd AG|bNG lineages (Fig. 1}. The independent epidemio-

logicall origins of the isolates and the high level of sim-

ilarityy between them coupled with a monophyletic clus-

teringg in phylogenetic trees would suggest that this F/D 

mosaicc is a representative of a fairly prevalent evolution-

aryy lineage, which might in the future be classified as a 

neww CRF. However, the formal requirement for assigning 

aa new CRF is the existence of at least three epidemio-

logicallyy independent complete genome sequences that 

sharee their recombinant structure and form a monophy-

leticc cluster in all regions of the genome. Since we have 

sequencedd only two complete genomes, the formal clas-

FIG.. 4. Phylogenetic analyses of individual fragments (numbered according to Fig. 3) of the F/D mosaic strains based on recombination points in 
thee genome. Recombinant sequences are shown in large font. The bootstrap value supporting the clustering is indicated next to the node. Some of 
thee reference sequences were excluded from the first two analyses and from the last analysis because no sequence data from those regions were 
available.. (A) 5' LTR U3. (B) gag (p17, p24, p7, p6). The fragment corresponding to pol p10 was too short to be analyzed reliably and thus is not 
representedd here. (C) The beginning ofpo/p51. The bootstrap value for the D cluster is 71% without D-UG114 (data not shown). (D) The middle region 
ofpo/p51.. (E) The end of p51 and the first half of the RNaseH region. (F)The end ofpo/and the first half of vif. The bootstrap value for the F1 subcluster 
(excludingg F2) is 84% (data not shown). (G) The end of vif region and the first half of vpr. (H) The end of vpr and the first exons of tat and rev. The value 
forr the D cluster is given without D-UG114. F/D isolate V11310 was excluded because its subtype cannot be determined in this region. (I) Vpu, 4/5 of 
env.env. (J) Part of env gp4l (K) The end of env gp41, nef, 3' LTR. Genomic locations represented as in HXB2r. Between some of the analyzed fragments, 
shortt gap regions were excluded. 
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sificationn of the FD CRF will have to await sequencing of 
anotherr similar virus isolate. 

Inn summary the findings of this study extend the infor-
mationn available for subtype F viruses, verify their divi-
sionn into two distinct subgroups, F1 and F2, and provide 
evidencee for the possible existence of the first CRF that 
doess not contain subtype A-like sequences. The results 
increasee our understanding of HIV-1 molecular epidemi-
ologyy and variation and may have implications for the 
designn of future vaccines. If HIV subtypes must be con-
sideredd in vaccine development, CRFs are in the same 
positionn as the subtypes and therefore information on 
theirr prevalence is as valuable as that of the subtypes. 

MATERIAL SS AND METHODS 

Vira ll  isolate s 

Full-lengthh clones were produced and completely se-
quencedd from five short-term PBMC coculture isolates 
(isolatedd according to UNAIDS Virus Isolation Guide-
lines)) from Belgium (isolates VI1310, VI961, and VI850, all 
linkedd to the DRC), Finland (F9363 linked to Kenya), and 
Brazill (BZ126). The isolates had been previously classi-
fiedd as members of subtype F based on phylogenetic 
analysess of short fragments or by heteroduplex mobility 
assayy (Delwart et al., 1993; Louwagie et al., 1994; Heyn-
dnckxefa/ . ,, 1998; Van de Peer et al.. 1996; Liitsoia ef al.. 
submittedd for publication, b). The isolate VI1310 was 
obtainedd from a Belgian woman, reportedly infected by a 
mann who frequently traveled to the DRC. The individual 
infectedd with VI961 was the partner of a seropositive man 
fromm the DRC. The isolate VI850 is from a Belgian man 
infectedd by his wife, who acquired the infection in the 
DRC.. The isolate F9363 is from a Finnish man. who most 
likelyy was infected by a Kenyan woman. Strain BZ126 is 
fromm a Brazilian individual infected in Brazil. Total cellular 
DNAA was isolated from the cells of the PBMC HIV co-
culturee at the peak of HIV antigen production using a 
commerciallyy available kit (Qiagen Blood and Cell Cul-
turee Kit, Qiagen GmbH, Hilden, Germany). 

PCRR and clonin g of the amplifie d fragment s 

PCRR amplification and cloning were performed essen-
tiallyy as previously described (Salminen et al., 1995a). 
Briefly,, virtually full-length genomes were amplified using 
thee Expand Long Template PCR Kit (Boehnnger Mann-
heim,, Mannheim, Germany) using buffer 2 since it turned 
outt to give optimal amplification and cloning results. 
Primerss MSF12 5'-AAATCTCTAGCAGTGGCGCCCGAA-
CAG-3'' (location in HXB2r, 623-649, includes a unique 
Bbe\Bbe\ site) and MSR5 5'-GCATGCGCCCTCAAG-
GCAAGCTTTATTGAGGCT-3'' (location in HXB2r, 9606-
9638,, includes a unique Bg!\ site) were used. These 
primerss amplify a region of 9003 bp in HXB2r. In some 
casess the first-round PCR was not successful, so an 
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additionall seminested PCR was carried out with primers 
MSF14,, 5'-TCTCTCGACGCAGGACTCGGCTTG-3' (loca-
tionn in HXB2r, 682-705), and MSR5, which amplify a 
fragmentt of 8945 bp. The first-round primers are comple-
mentaryy to the tRNA primer binding site, located at the 5' 
endd of the genome just before the gag leader region, and 
too the polyadenylation site at the 3' end, which is located 
betweenn the R and the U5 regions of the 3' LTR. 

Thee thermocycle program for the first-round PCR was 
CC for 2 mm, C for 10 s, C for 30 s, C for 8 

mm,, repeated for 9 additional cycles starting from step 2; 
CC for 10 s, C for 30 s, C for 8 mm, repeated 19 

times,, C for 30 mm (end segment). Total cellular DNA 
(50-2500 ng) from HIV-infected cells in a volume of 1 fx\ TE 
bufferr (10 mM Tns, 1 mM EDTA, pH 8.0) was used as 
templatee in a PCR of 50 fi\ (or in the case of the semin-
estedd PCR, 1 JLLI of the first-round product), after which 
thee products of 10 successful repeat reactions were 
pooledd and the amplified DNA was gel-purified using the 
QIAquickk Gel Extraction Kit (Qiagen GmbH). All other 
reactionn components were assembled according to the 
recommendationss of the manufacturer. Purified DNA was 
TA-clonedd using the pCR 2.1 vector (Invitrogen, San Di-
ego,, CA) following the manufacturer's instructions, but it 
wass incubated at C overnight in the ligation reaction. 
Plasmidss were heat-shock transformed into STBL-2 Max 
Efficiencyy cells (Gibco BRL Life Technologies, Inchinnan, 
Scotland).. Clones were chosen for further studies based 
onn positive hybridization with radioactively labeled 
probess and later by digestion with restriction enzymes. 
Plasmidd DNA was purified and prepared with the Qiagen 
Plasmidd Maxi Kit (Qiagen GmbH). 

Full-lengthh clones were sequenced completely by 
primerr walking using cycle-sequencing with dye-deoxy 
terminatorss and an ABI 377 automatic sequencer (Per-
kin-Elmerr Applied Biosystems Division, Foster City, CA). 

Phylogeneti cc  analyse s 

Neww full-length sequences were aligned with and 
comparedd to existing full-length reference sequences. 
Thesee included the following sequences: subtype A, 
(UG037,, U455, SE7253, SE7535, Q23, SE8131, SE8891, 
SE8538),, CRF AE,., , (TH253, CM240, CR402). CRF 
AG,, , .. (IbNG. DJ263, DJ264, SE7812); subtype B (CAM1, 
RF,, OYI, D31, U23487, HXB2r, MN, JRCSF); subtype C 
(BR025,, C2220); subtype D (ELI, NDK, Z2Z6, UG114); 
subtypee F, subcluster Fl (BR020), subcluster F2 (MP255, 
MP257);; subtype G (HH8793, G6165, NG083. NG003); 
subtypee H (CF056, VI991, VI997); subtype J; and subtype 
KK (EQTB11, MP535). 

Phylogeneticc analyses were performed and bootstrap 
valuess (100 replicates) calculated for each subtype 
branchh using ClustalW applying the Kimura two-param-
eterr model of evolution, or the SEQBOOT, DNADIST (with 
thee F84 maximum-likelihood model), and NEIGHBOR or 
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FITCHH programs of the Phylip software package (version 
3.572c,, Felsenstein, 1981, 1991). In order to determine the 
approximatee breakpoints in mosaic sequences, 
bootscanningg and similarity plot analyses were carried 
outt with SimPlot (version 2.5) in a sliding window of 400 
(orr 600) bases (Salminen et ai, 1995b; Ray, 1998/1999). 
Basedd on the inferred breakpoint locations, the se-
quencee alignment was broken into corresponding frag-
mentss that were phylogenetically analyzed individually. 
Somee regions for which the above methods did not 
unambiguouslyy provide classification were further ana-
lyzedd using the program Splitstree (version 2.1.1.), which 
inn contrast to most phylogenetic software is able to show 
alternativee tree topologies simultaneously (Huson, 1998). 

Sequenc ee accessio n number s 

Thee full-length sequences of VI1310, VI961, VI850, 
F9363,, and BZ126 have been deposited with GenBank 
underr accession numbers AF193253, AF076998, 
AF077336,, AF075703, and L22083, respectively. 
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PHYLOGENYY OF H I V - 1 SUBTYPE F IN ROMANIA 

Geneticc Evidence of Multiple Transmissions of HIV Type 1 
Subtypee F within Romania from Adult Blood 

Donorss to Children 

ELIN EE OP DE COUL,1 REMCO VAN DEN BURG,2 BIRGITT A ASJÖ,3 JAAP GOUDSMIT,2 

AUGUSTINN CUPSA,4 RODICA PASCU,5 CODRUTA USEIN,6 and MARIO N CORNELISSEN2 

ABSTRACT T 

Wee studied the phylogeny of HIV- 1 subtype F viruses from children and adults in Romania in order  to (1) 
clarif yy whether  the Romanian subtype F epidemic was caused by one or  several viru s introduction s and (2) 
gainn insight into the route of spread of the HIV- 1 subtype F viru s among children and adults in Romania. 
envenv (V3), gag (pl7/half p24), and pol (prot/half RT) sequences were obtained from three district s in Roma-
nia::  Tirg u Mures (n = 9, children), Craiova (n = 15, children), and Bucharest (n = 13, adults). Of 37 HIV V3 
sequencess from Romania, 35 belonged to the genetic subtype F in the neighbor-joining tree, whereas 2 se-
quencess from adults clustered with subtypes A and C. Withi n the subtype F cluster, no bootstrap-supported 
subclusterss were observed according to geographic area in Romania. Two of the adult V3 sequences that clus-
teredd with the children were obtained from individual s who tested HIV seropositive in 1989 and 1990, show-
ingg that the subtype F viru s was present among adults when the HIV epidemic began among children in Ro-
mania.. The HIV- 1 subtype F viruses obtained from children showed a mean pairwise V3 nucleotide distance 
off  7.9% and maximum distances of between 18 and 19%; both are higher  than previously described. The 
meann V3 distances (overall, synonymous, and nonsynonymous) were significantly higher  for  adults than for 
children.. One V3 sequence from the Democratic Republic of Congo clustered withi n the Romanian sequences, 
suggestingg that the subtype F virus in Romania may originate from this area. Our  data also suggest that HIV -
11 subtype F was present among Romanian adults before it appeared in 1989 among institutionalized children. 
Thee juvenile population was most likely infected with the HIV- 1 subtype F viru s on more than one occasion, 
presumablyy through HIV-contaminated blood (products) obtained from adults. 

I I 
INTRODUCTIO NN ment or microtransfusiuns of whole blood in Romanian med-

icall  institutes.4'' Observations that contributed to this assump-
NN A 1994 STUDY or HIV-1 SEQUENCES in infected children in tion were the striking differences in reported HIV prevalences 
Romania,, published nearly 5 years after the first report of between children and adults in Romania4-6 and the remarkably 

pediatricc HIV cases in Romania,1 a virus was isolated that low genetic heterogeneity of 0.9-3.6% in the env gene of the 
showedd resemblance to an unclassified Brazilian strain reported viruses carried by children.-1 It was assumed that the HIV-1 sub-
inn 1993.:' The virus was subsequently classified as HiV-1 sub- type F virus was introduced in a health care environment. Its 
typee F.3 The HIV epidemic among Romanian children, which rapid local spread especially among children could be explained 
UNAIDss estimated at 10.000 cases in 1998. has received much by the high viral load in blood (products) or blood remnants as-
attention.. Earlv epidemiological studies indicated that most of sociated with needles and syringes.7 After the subtype F virus 
thee children were infected by HIV-1-infected hospital equip- was identified in Romania in 1994, various researchers studied 

'Divisionn of Public Health and Environment, Municipal Health Service. 1018 WT Amsterdam, The Netherlands. 
-Departmentt of Human Retrovirology. Academic Medical Center. I 105 AZ Amsterdam. The Netherlands. 
'Centerr for Research in Virology. University of Bergen, Bergen High Technology Center. N-5020 Bergen. Norway, 
'Clinicaa de Boli Infectioase. University of Craiova. Craiova, Romania. 
^Clinicc of Infectious Diseases, University of Medicine and Pharmacy, 4300 Tirgu Mures ] , Romania. 
''Nationall  Reference Ceiitei for HIV. 701(H) Bucharest. Romania. 

89 9 



CHAPTERR 4 

Romaniann HIV-1 viruses and showed that the majority of the 
reportedd cases of pediatric HIV-1 infection in Romania belong 
too this genetic subtype.'-6-8-10 A study conducted in 1997 re-
vealedd that the HIV-1 subtype F virus is also present among 
Romaniann adults.6 

AA common method used to answer questions concerning the 
molecularr epidemiology of the HIV virus is the construction of 
phylogeneticc trees based on nucleotide (nt) sequences of highly 
variablee and more conserved genomic regions. The various re-
gionss of the HIV genome differ in their mutation rates owing 
largelyy to the biological function of the underlying gene. The 
V33 region encoded by the env gene—located on the surface of 
thee virion—is highly variable because of immunological pres-
suress from the host. This fragment is therefore particularly suit-
ablee to the study of short-term epidemiological links between 
viruses,, especially when it is examined in combination with the 
lesss variable gag gene.'' The conserved pal gene, in contrast, 
hass proven useful in the reconstruction of long-term historical 
relatednesss of viruses.l 2 The sequencing of different gene frag-
mentss can also expose recombinant structures in viruses and 
severall  studies have identified recombinant strains including 
subtypee F fragments.1315 The full-length genome sequence 
analysiss of two Brazilian env subtype F strains (93Br029 and 
93Br020),, conducted by Gao and colleagues,16 revealed a sub-
typee F/B mosaic structure in the 93Br029 strain and a subtype 
FF structure in the entire genome of the 93Br020 strain. The 
93Br0200 virus from Brazil and BEVI850 from the Democratic 
Republicc of Congo were used in this study as references for 
HIV- 11 subtype F. 

Soo far, littl e is known about the origin and route of spread 
off  the HIV- 1 subtype F virus in Romania. Our phylogenetic 
analysiss of 35 sequences obtained from children as well as 
adultss living in three districts in Romania was undertaken to 
clarifyy whether the Romanian subtype F epidemic began with 
onee or several virus introductions. We also sought to study the 
possibilityy of "founder" viruses related to geographic region in 
Romaniaa and to examine the sequence diversity of individuals 
infectedd with subtype F via different routes of transmission 
(nosocomiall  versus heterosexual transmission). 

MATERIAL SS AN D METHOD S 

SamplesSamples and epidemiological information 

Viruss cultures were obtained from children admitted lo two 
Romaniann infectious disease clinics at Tirgu Mure§ (/i = 9), in 
northh centra] Romania and at Craiova (n = 15). in southwest-
ernn Romania. All 24 children had a clinically apparent disease 
att the time of sample collection: 1993 in Tirgu Mures and 1996 
inn Craiova (Table 1). The children from Tirgu Mure§ were in-
stitutionalizedd orphans, 2 to 6 years of age. Five of the Craiova 
childrenn (96R93-96R97) were institutionalized and tested HIV 
seropositivee between 1990 and 1992. They were 7 to 9 years 
oldd at the time of sampling in 1996. The other Craiova children 
(n(n = 10) lived at home with mothers who tested HIV seroneg-
ative.. These children tested HIV seropositive between 1992 and 
19966 and were 7 to 15 years old. Since the Romanian children 
weree either orphans or had mothers who were HIV seronega-
tive,, it was assumed that they had been infected with HIV by 

contaminatedd hospital equipment or blood (products). The 13 
sampless from adults were collected in 1997 at an infectious dis-
easee clinic in Bucharest in southeastern Romania. Of these, 10 
individualss had been diagnosed as HIV seropositive between 
19944 and 1997, whereas the remaining individuals tested pos-
itivee in 1989, 1990, and 1993. Ten of the 13 adults were diag-
nosedd with AIDS at the time of sample collection in 1997, Of 
thee other three, one had clinical symptoms and two were asymp-
tomatic.. Most adults denied blood transfusions. Some adults re-
portedd heterosexual risks including unprotected sex, multiple 
heterosexuall  partners, an HIV-positive partner, or a record of 
sexuallyy transmitted diseases (STDs). For comparison, we in-
cludedd subtype F sequences identified in previous studies in 
Amsterdam,, obtained from heterosexually infected adults from 
Southh America who tested HIV seropositive between 1993 and 
19944 and one heterosexually infected man (R890820) with a 
femalee partner from the Democratic Republic of Congo (DRC), 
whoo tested HIV-seropositive in 1989,17 and one child from Ro-
maniaa (R9301940) The Tirgu Mure§ population was previously 
describedd by Holm-Hansen el a/.,18 who studied a fragment of 
thee env gene obtained from some of the same children that we 
studied."-1* * 

RNARNA extraction and PCR amplifications 

Forr each subject virus RNA was extracted from 100 .̂1 of 
serumm of 5 jul of virus supernatant by the procedure of Boom 
etet al.]9 RNA was transcribed into complementary DNA 
(cDNA),, which was used as templates for polymerase chain re-
actionn (PCR) amplification of sequences encoding fragments of 
threee structural genes: the env gpl20 V3 region (267 nt), the 
gaggag gene (complete pi7 and partial p24, 729 nt), and the pol 
genee (complete protease [prot] and half reverse transcriptase 
[RT],, 1152 nt). First-round PCR amplification was performed 
withh the V3-primers (positions in the HXB2 strain are given 
inn parentheses) 3'-V3-not (7343, GCGCGGCCGCCCCCTC-
TACAATTAAAACTGTG )) and 5'-V3-not (6954, CGCGGC-
CGCACAGTACAATGTACACATGG),, gag primers 5'-louw-
1-gagg (795. TTGACTAGCGGAGGCTAGAA) and 3'-SK39 
(1630.. TTTGGTCCTTGTCTTATGTCCAGAATGC). and pol 
primerss 5'-prot-out (211 l.CAGAGCCAACAGCCCCACCAG) 
andd 3'-half RT (3505. TATTTCTGCTATTAAGTCTTTTGA-
TGGGTCA).. The primers used for the nested PCR of the 
envenv V3 and gag regions were V3 SP6-5'KSI (7011. GCAG-
TCTAGCAGAAGAAGA)) and T7-.VKSI (7313, TGGGTCC-
CCTCCTGAGGA);; for gag. 5'-GAG 2-I-SP6 (835. GGG-
AAAAAATTCGGTTAIGGCC)) and 3'-GAGae-3-T7 (1587, 
ACTATTTTATTTAA ATCCCAGGAT). The large pal gene was 
amplifiedd by nested PCR in three fragments (A. B. and C). The 
primerss were developed so that they partly overlapped. Frag-
mentt A contained a part of the pal gene (336 nt), with nested 
primerr sets 5'-SP6 prot/RT (2242. CTTTAGCTTCCCTCA-
GATCACT)) and 3'-T7-PROT (2558. TACTGGTACAGTTT-
CAATAGG).. Fragment B (543 nt) contained a part of the prot, 
thee prot/RT transition, and half of RT. with 5'SP6-P66-OUT 
(2484.. GACCTACACCTGTCAACATAAT) and 3'-END-
PROT-T77 (3005, AATATTGCTGGTGATCCTTTCCA). Frag-
mentt C contained 487 nt. with 5'-SP6-C-SEQ (2975. GTA-
TACTGCATTTACCATACC)) and 3'-T7-polC-ca/ag (3416, 
GTCAGTGGTACTACTTMRGT).. The nested PCR amplifica-
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FIG.. 1. Phylogenetic tree based on nucleotide sequences encoding the 267-nt env V3 region (A), a 729-nt gag region (pl7/p24; 
B),, and a 1152-nt pol region (prot/RT; C), constructed by the neighbor-joining method using Kimura two-parameter distances. 
Thee Romanian subtype F sequences are marked: Tirgu Mures, children (*), Craiova children (**) , and adults from Bucharest (un-
derlined).. Representative sequences for subtypes A-J, including sequences obtained from GenBank, are used as references. The 
numberss represent the bootstrap value (100 replicates) for neighbor joining. Only bootstrap values higher than 70 are shown. 
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FIG.. 1. Continued. 

tionn contained 5 p.\ of the first-round product in a 45-/xI vol-
umee PCR mixture. The thermocycler parameters for the first-
roundd amplification were as follows: 95 °C for 1 min, 55 °C 
forr 1 min, and 72 °C for 2 min, repeated for 35 cycles for env 
andd gag and 40 cycles for pol. The same conditions were used 
forr the nested PCR, repeating for 25 cycles for env and gag and 

300 cycles for pol. The PCR products were visualized by elec-
trophoresiss on an ethidium bromide-stained 1.5% agarose gel 
andd inspected under UV light. The amplified double-stranded 
DNAA product was used as a template for direct sequencing in 
bothh directions, which was performed on an automatic se-
quencerr using the ABI 373 system (Applied Biosystems, Fos-
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FIG.. 1. Continued. 

terr City, CA). The cycle sequence reaction was performed ac-
cordingg to manufacturer instructions, using the ET dye primer 
sett (Amersham International. Littl e Chalfont. England). 

SequenceSequence analysis 

Thirty-sevenn V3, 19 gag. and 13 pol HIV-1 nucleotide se-
quencess had been obtained for the Romanian samples included 
inn this study. These sequences were compared with reference 

sequencess from GenBank representing various HIV-1 sub-
types.200 The nucleotide alignments were subjected to phyloge-
neticc tree analysis by the neighbor-joining method as imple-
mentedd in the MEGA program.21 The bootstrap option in 
MEGAA was used to determine the reliability of the clusters in 
thee phylogenetic trees. To examine the subtype F sequence di-
versityy of children and adults, nucleotide distances were calcu-
latedd by two different nucleotide substitution models: (I) the 
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Kimuraa two-parameter model, which is based on two parame-
terss that account for different transition versus transversion 
rates,222 and (2) the Tamura-Nei model with a y distribution.23 

Thee second model allows substitution rale heterogeneity among 
sitess and different nucleotide frequencies in the alignment, 
whichh was empirically estimated from the Romanian sequence 
dataa set by using the PUZZLE program.24 Proportional nu-
cleotidee distances (/?-distances) were calculated to compare in-
tra-- and intergroup synonymous and nonsynonymous nu-
cleotidee variability. Statistical calculations were done with 
SPSS/PCC + software (version 8.0; SPSS, Chicago. ID. Differ-
encess in genetic variability between groups of sequences were 
testedd for statistical significance using the / test. Viral epi-
demiologyy signature pattern analysis (VESPA)25 was used to 
detectt nucleotide signature patterns between the sets of V3 se-
quencess from children and adults. The program calculates the 
frequenciess of nucleotides at each position and selects the po-
sitionss for which the most common character in one set differs 
fromm that in the background set. In this study VESPA was used 
too examine the nucleotide sequences from children and adults 
inn Romania for an epidemiological linkage. In addition, we 
comparedd the V3 sequences obtained from children in Craiova 
andd Tirgu Murê  for nucleotide signatures. The background set 
(adults)) and the query set (children) were examined for two 
typess of signatures: (1) stringent signatures (threshold 1.00), for 
whichh a different nucleotide must be present in all the sequences 
inn the query set compared with the background set, and (2) ma-
jorityy signatures (threshold 0.95). for which the majority of the 
sequencess in the query set must differ from the background set. 

RESULTS S 

Too clarify whether the Romanian subtype F epidemic is 
causedd by one or various subtype F introductions and to ex-
aminee whether subtype F viruses among children (nosocomi-
a l^^ infected) and adults (heterosexually infected) are distin-
guishable,, nucleotide sequences were compared by using 
pairwisee distance calculations, phylogenetic tree analyses, and 
nucleotidee signature pattern analysis. Thirty-seven Romanian 
V33 sequences were included in the phylogenetic tree in Fig. 
II  A. The HIV sequences were obtained from children in Tirgu 
Mures,, in = 9. marked with an asterisk) and Craiova (n = 15, 
markedd with double asterisks). The underlined HIV sequences 
belongedd to adults originating from Bucharest (n = 13). The 
treee revealed that all the sequences from children and 1 1 of the 
133 sequences from adults clustered with the genetic subtype F. 
Thee remaining two sequences from adults clustered with refer-
encee sequences for subtypes A and C. The HIV sequences ob-
tainedd from the children were mixed, showing no distinction 
betweenn strains from the locations of Tirgu Mures and Craiova. 
Also,, the adult sequences did not unanimously segregate from 
thee juvenile sequences, although 7 of I 1 V3 sequences from 
adultss could be distinguished in the tree from their juvenile 
counterparts.. To exclude the possibility that a potential separa-
tionn between H!V sequences from children and adults was 
maskedd by the relative large number of sequences included in 
thee tree (in combination with the relative shortness of the V3 
region),, a more specific approach was used to study the tree 
positionss of HIV sequences from adults. We constructed alter-

nativee trees in which, each time, only three sequences from 
adultss were included, to see if they clustered together in one 
group,, separate from those of the children. The positions in the 
alternativee trees (data not shown) were similar to those in the 
phylogeneticc tree that included all Romanian sequences. Two 
off  the adult HIV sequences that clustered with the children (Fig. 
11 A) (97R106 and 97RI07) were obtained from individuals who 
testedd HIV positive in 1989 and 1990. This finding shows that 
subtypee F was already present among adults in 1989. when the 
HIVV epidemic began among children in Romania. 

Althoughh there was no unanimous segregation between the 
V33 sequences from children and sequences from adults, a dif-
ferencee in branch lengths between children and adults could be 
observedd (Fig. 1A). Genetic distance calculations confirmed 
thatt the mean intragroup V3 nucleotide distance of 7.9% for 
thee children is significantly lower than the 11.9% observed for 
adultss (p = 0.000) (Table 2). The mean pairwise Tamura-Nei 
(TN)) nucleotide distances were higher than the Kimura two-pa-
rameterr distances: 10.4 and 16.5% for children and adults, re-
spectively.. The distance calculations were based on estimated 
nucleotidee frequencies (children: 44.0% [A] . 16.4% [C]. 15.7% 
[G],, and 23.8% [TJ; adults: 44.4% [A] . 16.0% [C], 15.9% [G), 
andd 23 7% |T|). The estimated transition-to-transversion ratio 
wass 1.5 for the children as well as for adults and the a pa-
rameterss for the y distribution were 0.37 (adults) and 0.30 (chil-
dren). . 

Too examine if the difference in variation between children 
andd adults was related either to the circulating time of the virus 
orr to host factors, we constructed phylogenetic trees based on 
synonymouss nucleotide substitutions (i.e., substitutions that do 
nott result in an amino acid change) and nonsynonymous sub-
stitutionss (i.e.. substitutions that do result in an amino acid 
change).122 Both of these trees (not shown) revealed a topology 
similarr to the tree based on overall nucleotide substitutions (Fig. 
11 A), except for branch lengths. The tree based on synonymous 
substitutionss clearly showed longer branches for the HIV se-
quencess from adults compared with those from children. In the 
nonsynonymouss tree, the difference in branch lengths between 
HIVV sequences from children and adults was less explicit. To 
testt the differences in nucleotide distances between children and 
adultss for statistical significance, pairwise /^-distances were cal-
culatedd (Table 2). Although both synonymous (ds) and non-
synonymouss (dn) distances were significantly higher for adults 
thann children, the difference in overall nucleotide variation re-
flectedd mainly a difference in the number of synonymous sub-
stitutionss and therefore a difference in the duration of the two 
epidemics.. To take into account the influence of the sampling 
yearss on the observed differences in genetic variability between 
V33 sequences from children (1993-1996) and adults (1997), we 
repeatedd the synonymous distance calculations for the Craiova 
childrenn (1996) in comparison with adults. The mean pairwise 
distancee of 7.3% for the Craiova children was significantly dif-
ferentt from the adults (14.6%. p = 0.000). 

Inn contrast to a previous study.' we observed a high range 
off  HIV sequence variation among children, for overall nu-
cleotidee substitutions as well as synonymous substitutions: 
2.7-18.6%% (TN 2.0-35.0%) and 1.7-18,9% (TN 8.5-24.0%), 
respectivelyy (Table 2). 

Too study the phytogeny of the i>ag fragments we selected 19 
off  the 37 samples to represent each geographic region and both 
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TABL EE 2, PROPORTION (AND RANGK) OF ALL . SYNONYMOUS 

( d s ),, AND NONSYNONYMOUS NUCLEOTIDE ( d nj SUBSTITUTIONS 

(^-DISTANCES)) IN THE env V3 REGION OF HIV-1 SUBTYPE F 

VIRUSESS FROM CHILDREN AND ADULTS IN ROMANIA 

SubgroupSubgroup All ds dn 

Romaniaa 0.0947 0.0978 0.0919 
Childrenn 0.0790 0.0706 0.0788 

(0.0266-0.1860)) (0.0170-0.1894) 
Adultss 0.1189 0.1462 0.1107 

(0.0720-0.1553)) (0 0648-0.2431) 

childrenn and adults. Figure IB shows the phylogenetic tree 
basedd on these 729-nt gag fragments. Its topology was similar 
too that of the tree based on V3 sequences in Fig. 1 A. All Ro-
maniann sequences clustered as subtype F and, again, no geo-
graphicallyy related subclusters were visible. However, differ-
encess in nucleotide variability between children and adults 
couldd be observed in the tree based on gug sequences and they 
weree even more explicit than in the V3 tree. For 13 Romanian 
virusess we sequenced a I 152-nt pol fragment (Fig. 1C). All the 
polpol sequences were included within the F subtype: thus, none 
off  the three genes gave evidence of recombination. Again, a 
clearr difference in nucleotide variation between children and 
adultss could be observed, probably reflecting a longer circula-
tionn period of the subtype F virus among adults. 

Sincee we could not observe significant subclusters for chil-
drenn and adults, we conducted signature pattern analysis 
(VESPA)) to exclude the possibility that nucleotide differences 
betweenn children and adults remained unobserved and to con-
firmm the hypothesis of an epidemiological linkage. In this analy-
siss we did not observe any significant distinct (stringently se-
lectedd or majority selected) signatures between children and 
adultss or between the Craiova and Tirgu Mures children. 

Too shed light on the epidemiological history of the Roma-
niann HIV-1 subtype F, we included published sequences from 
GenBankk as well as newly obtained sequences from South 
Americaa and Africa in the phylogenetic trees. In particular, we 
attemptedd to determine whether the distinction between the Ro-
maniann and South American subtype F virus, as was observed 
inn the hypervariable V3 region, could also be observed in the 
moree conserved gag and pol regions. In accordance with pre 
viouss studies,2, the Romanian and South American viruses 
formedd a 100% bootstrap-supported F cluster in the V3 tree, 
butt within that cluster they formed two separate subgroups (Fig. 
11 A). The two sequence groups observed for the Romanian and 
Southh American viruses in the V'3 tree were also visible in the 
treess based on gug (Fig. IB) and pol (Fig. 1C) fragments, sug-
gestingg the introduction of different subtype F viruses in the 
twoo geographic areas. The sequences from South America are 
moree related to each other than are the sequences from Roma-
nia,, presumably reflecting a founder effect. However, inter-
subtypee recombination was regularly observed for strains from 
Southh America but not for sequences from Romania. For ex 
ample,, strain A970I 53, obtained from a heterosexually infected 
individuall  in Amsterdam who originated from South America, 
clusteredd with subtype B in the gug gene. From the African 
subtypee F V3 sequences, as determined by a BLAST search of 

thee HIV sequence database.26 the V3 region of R890820 was 
thee most closely related to the Romanian V3 sequences. How-
ever,, in the gag and pol tree the strains show a discordant 
branchingg order, since the R890820 is a recombinant strain and 
iss described elsewhere.27 

DISCUSSION N 

Inn this article we discuss gag, pol, and env sequence varia-
tionn and the phylogenetic tree topology of HIV-1 subtype F 
virusess obtained from 1993 to 1997, from 26 children and I 1 
adultss from distinct districts in Romania. Previous molecular 
epidemiologicall  studies indicate that, so far, all individuals 
nosocomiallyy infected with HIV-1 and the majority of those 
heterosexuallyy infected with HIV-1 in Romania carry the ge-
neticc subtype F.3AM Unlike some studies, in which env V3 se-
quencess from children were homogeneous and tightly clustered 
together11 in the phylogenetic tree, our study found a high in-
tragroupp genetic variability. Although the overall mean nu-
cleotidee V3 divergence was lower for children (7.9%) than for 
adultss (11,9%). the children"s sequences displayed a remark-
ablee range of variation: 2.7 to I8.69r. To determine whether the 
subtypee F epidemic among nosocomially infected Romanian 
childrenn was caused by multiple sublype F introductions, we 
calculatedd the synonymous nucleotide variation in the chil-
dren'ss V3 sequences. Genetic distances based on synonymous 
substitutionss reflect time-dependent variation irrespective of in-
fluenced)) of the host immune system. It has been estimated 
thatt V3 nucleotide sequences within an HIV-infected individ-
uall  (i.e., the intrahost synonymous variation) can change by ap-
proximatelyy 1% per year.:K 3" If so. the high range of synony-
mouss sequence variation found for Romanian children, with 
maximumm distances of almost 19% (Kimura two-parameter dis-
tances)) and 35% (Tamura-Nei distances), is likely not the re-
sultt of the introduction of a single subtype F virus over the 5-
too 10-year period of the epidemic. We compared our results 
withh studies conducted among children, nosocomially infected 
withh HIV-1 subtype G in the Russian federation, who were 
probablyy infected by a virus originating from a common 
source.M322 Most of these children tested HIV positive in 
1988-1989.. and samples were taken in 1991-1992. Although 
thee period between HIV infection and year of sampling may 
havee been somewhat shorter for the Russian children, the mean 
pairwisee V3 Kimura two-parameter distance of 3.4% (range, 
0.39-7.8%)) found in the Russian children emphasized the high 
variabilityy found among the children in our study. Therefore it 
seemss reasonable to suggest that the institutionalized Romanian 
childrenn were infected with HIV-contaminated blood (products) 
onn more than one occasion. The discrepancy in branch length 
forr Romanian children in this siudy compared with a prior se-
quencee study' among Romanian children (V3 tree not shown) 
cann be explained by their earlier sampling time or geographi-
call  differences. The branch lengths in the tree between our 
Romaniann children and sequences described by Apetrei'' were. 
ass expected, more similar due to a later sampling year ( 1994-
1996). . 

Whetherr the HIV subtype F epidemic among Romanian 
adultss was caused bv one or more virus introductions is a ques-
tionn difficult to answer. The identification of HIV-1 subtype F 
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virusess in samples from adults infected early in the Romanian 
epidemicc (in 1989 and 1990) makes it plausible that the sub-
typee F virus was first present among Romanian adults, before 
thee outbreak of the epidemic among children. The overall mean 
nucleotidee V3 divergence was higher for adults (11.9%) than 
forr children, suggesting that the HIV epidemic among adults is 
olderr than the epidemic among children. It is generally assumed 
thatt the higher the synonymous nucleotide variability among 
HIVV sequences, the longer the circulation time of the virus, 
sincee synonymous variation represents chance mutations and 
thereforee reflects variation caused by the passage of time. The 
longerr branches observed for adults in all phylogenetic trees, 
inn particular the tree based on synonymous substitutions (con-
firmedd statistically by pairwise distance calculations), serves as 
evidencee that the virus population among adults is older than 
amongg children, under the assumption that the rate of synony-
mouss mutations between children and adults is similar. Since 
theree is still a possibility that the higher level of synonymous 
variationn is caused by the later sampling year for adults (1997) 
comparedd with the children (1993-1996), we calculated the syn-
onymouss distance calculations for the Craiova children sepa-
ratelyy (1996). The synonymous V3 distance of 7.3% observed 
forr the Craiova children was significantly different from the 
14.6%% for adults (p = 0.000). The high variation observed for 
thee subtype F virus circulating among adults as well as the shape 
off  its cluster, which was not monophyletic but unstructured, 
mayy also support the hypothesis that various subtype F viruses, 
raterr than a single virus, caused the epidemic among adults. If 
so,, the children's population can be infected with different sub-
typee F variants transmitted from adults. However, we do not 
knoww when the HIV epidemic among adults started. We there-
fore,, cannot exclude entirely that one subtype F strain was in-
troducedd very early in the adult population and diverged within 
Romania.. In that case, the children's population was probably 
infectedd with the same subtype F virus, obtained from adults in 
differentt time periods. 

Duringg the phylogenetic analysis of the V3 region, in which 
aa sequence from Central Africa (R890820) was included for 
comparison,, we observed that this strain, obtained in 1989 from 
aa Dutch man with a female partner from the Democratic Re-
publicc of Congo, clustered together with the Romanian se-
quences.. Since this individual did not report any sexual or noso-
comiall  exposure in Romania, this observation may suggest that 
thee subtype F virus found in Romania originates from Central 
Africa.. Exclusion of the African sequence from the V3 tree did 
nott affect the bootstrap value of the Romanian group consid-
erably,, illustrating the similarity between the African and Ro-
maniann F sequences. We also compared the Romanian se-
quencess with subtype F sequences from South America to 
examinee the epidemiological relationships. The Romanian and 
Southh American strains clustered into the same subtype F clus-
terr but were distinguishable not only in the variable env and 
gaggag genes.3-' but also in the conserved pol gene. This finding 
indicatess that the subtype F virus from South America is not 
thee same as the subtype F virus from Romania. Therefore, we 
postulatee that subtype F did not spread from South America to 
Romania,, or vice versa, but that the epidemics in these two ar-
eass are the result of separate introductions, possibly both from 
Centrall  Africa. In contrast to the South American viruses14-16 

theree is no evidence of recombinant structures among the Ro-

maniann subtype F viruses. This could indicate the spread of one 
subtypee F "founder" virus, but could also be explained by the 
scarcityy of other HIV-1 subtypes circulating in Romania. Since 
aa serological study9 found HIV serotypes A, B, C, D, and E, 
andd our study identified the subtypes A and C among adults, 
recombinantt HIV strains may be expected to develop in the fu-
ture. . 

Inn conclusion, the epidemiological and molecular data ob-
tainedd in this study suggest that the HIV- 1 subtype F virus was 
firstt present among Romanian adults. Whether the adult epi-
demicc is caused by one or more subtype F variants, it subse-
quentlyy passed on to the children's population in Romania. The 
children'ss population was, presumably, infected with the HIV -
11 subtype F virus on more than one occasion through HIV-con-
taminatedd blood (products) obtained from adults. The phyloge-
neticc relationship between the African and Romanian V3 
sequencess indicates that the Romanian subtype F virus is prob-
ablyy derived from Central Africa. 
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SEQUENCEE DAT A 

Thee trees were constructed with a set of reference sequences 
fromm GenBank, accession numbers M62320, U52953, L22948, 
LII  1799, AF005494, AF077336, AJ237804, AF061642, AF-
084936,, AF005496, X96532, AF082395, and AF082394. The 
newlyy obtained env, gag, and pol sequences have been submit-
tedd to GenBank under accession numbers AF203981-AF204052. 
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MOLECULARR EPIDEMIOLOGY OF HIV IN EUROPEAN INJECTING DRUG USERS 

Usin gg phylogeneti c analysi s to trac e HIV-1 migratio n 
amon gg wester n Europea n injectin g dru g users 

seroconvertin gg fro m 1984 to 1997 

Elinee LM . Op de Coul a, Maria Prins 3, Mario n Cornelissen b, 
Audre yy van der Schoot b, Faroud y Boufassa c, Ray P. Brettle d, 

lldefons oo Hernandez-Aguado e, Veroniqu e Schiffer f, Jim McMenamin& , 
Giovann ii  Rezzah, Roy Robertson' , Rober t Zangerld , Jaap Goudsmit b, 
Roell  A. Coutinho ab and Vladimi r V. Lukashov b for the Europea n and 

Italia nn Seroconverte r Studie s 

Objective ::  To reconstruct the epidemiological relationships of the HIV epidemics 
amongg injecting drug users (IDU) in western Europe. 

Methods ::  HIV env V3 sequences of and epidemiological data were obtained from 
1455 IDU who seroconverted in three sequential periods: 1984-1988, 1989-1992 
andd 1993-1997. The sequences were phylogenetically analysed and examined for 
signaturee patterns characteristic of northern European IDU, including the conserved 
GGCC codon in the V3 loop. 

Results ::  Subpopulations of genetically related HIV strains were observed in Italy, 
France,, Scotland and Spain, in contrast to the Netherlands, Austria and Switzerland. 
Thiss difference between the two groups of countries suggests that the HIV epidemics 
amongstt IDU in the latter group was caused by multiple virus introductions. In 
Edinburghh and the surrounding area, most IDU were infected with the same GGC 
strainn over the 12-year study period. The epidemic among IDU in north-western 
Europee started with GGC viruses, whereas in south-western Europe non-GGC viruses 
predominated.. This geographical separation has faded during the course of the 
epidemic,, most likely because of virus exchange among IDU populations. 

c'' 2001 Lippincott Williams & Wilkins 

AIDSAIDS 2001, 15:257-266 

Keywords ::  HIV-1, molecula r epidemiology , injectin g dru g user , IDU, subtyp e B, 
Europ e e 

Introductio nn HIV- l [I] . In western Europe, HIV prevalence among 
injectingg drug users (IDU) shows large variation across 

Inn Europe, the non-medical use of injected drugs is and within regions. Currently, Spain has the highest 
onee of the most important modes of transmission of prevalence and incidence rates [2-7] compared with 
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otherr western European countries, in which HIV- 1 
incidencee rates have stabilized at a much lower level 
[7,8],, H ow these epidemics in the different western 
Europeann countries are connected is not clear. 

Geneticc characterization of HIV- 1 strains circulating 
amongg I D U in several western European countnes has 
demonstratedd their genetic difference from viruses 
circulatingg in other HIV-risk groups, including haemo-
philiacss and homosexual men. In north-western Eur-
ope,, including the Netherlands, Germany. Switzerland 
andd the United Kingdom, viruses isolated from I D U 
cann be distinguished from those of homosexual men 
basedd on mutations in the cm\ vpr, rpu and R T 
(reversee transcnptase) regions [9.10]. The most con-
servedd ot these is a synonymous nucleotide substitution 
(GGC)) in the second glycine codon (position 312) at 
thee tip of the V3 loop (GPGR). This GGC" imitation 
(referredd to as a G GC virus), which is stable during 
intrahostt evolution [11], was seen m viruses obtained 
tromm most ID U in northern Europe [12-14 ], but not 
mm viruses obtained from homosexual men of those 
regionss 114). These IDU-specif ic sequence patterns 
weree not initiall y found in viruses circulating in south-
ernn Europe, but G GC viruses have now entered the 
I D UU populat ion m southern Europe, including Greece 
[15],, and a heterosexual populat ion in the Netherlands 
[16].. Since V3 sequences derived from IDU and 
homosexuall  men in several regions of France and Spam 
cannott be distinguished on the basis of these G G C/ 
n o n - G GCC nucleotide patterns [12], the epidemiological 
historyy might be different in this area. 

Analysiss of samples from individuals w ho seroconverted 
forr H I V in distinct t ime periods allows determination 
ott sequence heterogeneity over time within human 
populationss and elucidates information about the 'age' 
ott the epidemic or the rate ot new virus introductions. 
Inn the present study, we traced patterns ot virus 
transmissionn (migration) among ID U populations by 
phylogeneticc analysis of partial cuv sequences (V3 
region)) ot viruses causing infections in three sequential 
periodss (1984-1988, 1^989-1992 and 1 W - 1 9 9 7 ). 
Thee study was carried out on a large group of IDU in 
thee northern, central and southern parts of western 
Europee to examine epidemiological links, the distribu-
tionn of G GC and n o n - G GC viruses, and the sequence 
variabilityy over t ime m the local HIV- 1 epidemics 
amongg these IDU . 

Material ss  and method s 

Studyy subjects and sample collection 
Serumm or plasma samples were collected from ID U 
registeredd in the European and Italian Seroconverter 
Studies.. The European Seroconverter Studv |17] is a 

prospectivee mult icenter study that started in 1994 and 
comprisess more than 750 IDU with documented 
intervalss ot HIV- 1 seroconversion who were followed 
inn eight cohort studies in six western European 
countness (Spain, Austria, the Netherlands, Scotland, 
Switzerlandd and France. The Italian Seroconverter 
Studyy (18| is a prospective multicenter studv that 
startedd in 1987 and includes more than 1700 indivi -
duals,, from various risk groups, with known HIV 
seroconversionn dates. 

Fromm both study populations, IDU were selected for 
whomm the interval between the last HIV-negative test 
andd first HIV-posit ive test (seroconversion interval) was 
lesss than 2 years: trom this group, individuals were 
chosenn randomly to represent three consecutive time 
periodss in the epidemics. For each period, at least ten 
sampless trom ten different individuals were taken, if 
available.. To study trends over time (heterogeneity of 
stramss and sequence patterns), samples were collected 
fromm ID U who seroconverted for HIV- 1 in 1984-
1988,, 1989-1992 and 1993-1997. spanning most of 
thee HIV- 1 epidemic for each participating site. In total, 
2044 samples were collected from ID U enrolled in these 
sevenn countries. With the exception of Spam, samples 
weree taken from participants early (i.e. within 3 years 
afterr the estimated year of HIV- 1 seroconversion). The 
yearr ot HIV- 1 seroconversion was estimated by calcu-
latingg the mid-point m time between the last negative 
testt and the first positive test. To study HIV sequences 
forr each western European region, the countries were 
classifiedd as northern Europe (the Netherlands. Scot-
land),, central Europe (Austria, northern France, north-
ernn Italy, Switzerland) and southern Europe (Spain, 
southernn France). 

Sequencingg and phylogenetic analysis 
Thee procedures of viral isolation, reverse transcription, 
amplificationn and direct (double-stranded) sequencing 
weree described earlier in detail [19,20|. The cur V3 
sequencess (276 nucleotides) obtained in this studv are 
depositedd in the Genbank under the accession numbers 
AF307161-AF307297.. Other Genbank sequences in-
cludedd in this study are Z29294. Z29295, Z29297, 
Z29300,, Z29301. Z29305. Z29308. Z29309, Z29313, 
Z29314,, Z 2 9 3 1 6 - Z 2 9 3 1 8. Z29325). 

Phylogeneticc trees ot the V3 sequences were con-
structedd by using the neighbour-joining method. Dis-
tancee matrices were generated in MEGA [21] by the 
Kimuraa two-parameter estimation method [22| and 
calculationn of synonymous p-distances. Phylogenetic 
analysiss based on synonymous substitutions (no amino 
acidd change) appeared more powerful in discriminating 
betweenn I D U - and non-IDU-specif ic sequences 
[11,14.16].. The synonymous G GC mutation is not 
relatedd to virus phenotype (and has likely no biological 
relevance),, but the separation of G GC and n o n - G GC 
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(GGGG or GGA) viruses into different risk groups is 
attributedd to a founder effect. Since this mutation has a 
greatt stability within a population over time, it serves 
ass a marker for virus migration or new virus introduc-
tionss in European countries where this separation has 
beenn observed [9,10.12,13]. 

Bootstrapp analysis was conducted to test the stability of 
thee tree topology. To determine the potential epi-
demiologicall  links between various countries (i.e. 
clusterss of genetically related sequences), a neighbour-
jo in ingg tree was constructed that included all sequences 
fromm the seven countries. Subsequently, trees were 
constructedd for each country separately in order to 
studyy the relationships among internal epidemics, in-
dependentt of sequences from other countries. To 
examinee whether the local epidemics started with one 
orr multiple virus introductions, a tree was constructed 
thatt included sequences obtained for ID U who sero-
convertedd early in the epidemic (1984-1988). 

Forr each country and period in the epidemic, genetic 
distancess (Kimura two-parameter distances and synon-
ymouss p-distances) were calculated to study the in-
creasee of nucleotide variability over time. The 
pairwise-calculatedd median synonymous p-distances 
weree plotted and tested for statistical difference using 
thee M a n n - W h i t n ey U-test. These time-related dis-
tances,, in combination with changes in nucleotide 
patternss over time, were used to study the possibility of 
neww virus introductions in each geographic area. The 
M a n n - W h i t n eyy test, y/ test and Fisher exact test were 
usedd to compare baseline characteristics for individuals 
havingg or not having a sample positive by the poly-
merasee chain reaction (PCR). To test changes m 
proportionss of strains over time, the X" test for linear 
trendd was used. P values < 0.05 were considered 
statisticallyy significant. 

Results s 

HIV-11 sequences per geographic area 
Figuree I shows the locations of the cohort studies in 
sevenn western European countries (Spain. Austria, the 
Netherlands,, Scotland, Switzerland, Italy and France). 

Tablee I summarizes the demographic characteristics ot 
1455 European I D U for whom HIV- l V3 sequences 
weree obtained. The subjects most commonly injected 
eitherr heroin or heroin plus cocaine. Of the 145 
sequences,, 85.5% were obtained from samples taken 
withinn 3 years after HIV- 1 seroconversion. For Spain, 
thee majority was taken from later follow-up samples, 
becausee no samples were stored until 1995. For 86.2% 
off  the 145 individuals, the documented HIV- 1 sero-
conversionn intervals were less than 2 years. 

Fig.. 1. Map of western Europe, showing the sites where the 
HIV-11 -positive injecting drug users were followed. 

Thee sequences from the Netherlands, Switzerland and 
Austriaa were derived from ID U followed in Amster-
damm (29), Geneva (9) and Innsbruck (14), respectively. 
Thee 25 Spanish sequences belonged to ID U from 
Alicantee (16) and Castellon (9). Of the 28 Scottish 
sequences,, 23 belonged to ID U enrolled in the Lothian 
regionn (Edinburgh and surrounding area) and five to 
ID UU in the area of greater Glasgow and Forth Valley. 
Thee French sequences were from ID U followed in 
Panss (8), Nice (8) and Marseilles (4). Of the 20 Italian 
IDU ,, 18 were followed in Turin and two in Reggia 
Emiliaa m northern Italy. 

Thee epidemiological features of 59 ID U with a P C R-
negativee sample were not significantly different to those 
off  the 145 IDU with a PGR-posit ive sample with 
respectt to demographic characteristics. A large propor-
tionn of the Geneva samples, however, failed the 
amplificationn process (61%), which probably reflects 
eitherr the quality of the sample or a low amount ot 
virall  R N A. 

Geographicall separation of HIV-variants in 
Europeann injecting drug users 
Figuree 2 demonstrates the results of the phylogenetic 
analysiss based on synonymous nucleotide substitutions 
inn which sequences from all 145 European IDU were 
included.. Al l sequences belong to HIV- 1 subtype B. In 
thee tree, there are three separate clusters. Viruses that 
carryy the GGC-muta t ion (61%) can roughly be distin-
guishedd from the non -GGG viruses. The group in the 
middlee of the tree consists of both virus types. The 
separationn between the G GC and non -GGG strains 
reflectss the geographical location of the IDU , with the 
G GCC strains derived mainly from IDU followed in 

1 03 3 



CHAPTERR 5 

1— — 

T T 

~~ ~~ 

=0 0 
<*M M 
v C C 

CO O 

o~ ~ 

~~ ~~ 

~ J J 

LTl l 

r N N 
r N N 

~ j j 

" 1 1 

3 --

r ^ ^ 

^ J J 

<£> <£> 

r-̂  ^ 
i r r 

L ^ ^ 

rr--

LT, , 

^r r 

"" " 

— — 
o o 

i — — 

r v j j 

X X 

^ 1 1 

CO O 

* * ( M M 

*" " 

<Z <Z 

c c 
c c 

O O 
cr cr 

Hi Hi 

c c 

t ll "  2 ~ "3 CÜ r"~ * ^  5 -

—— S i ^ " — ' ~S — " " 'N II '5 

oo c o s 

22 — r j 

SS t i 2 :s 
-5-- — T CP 

2T-E E 

i -- r^ r^. K 

COO o c ~ 

<TT l i ^ X 

—— ffl  sD O O 

I S ££ Z < 

sr::  — — — o Ti 

.. c t ~  — - > 
ii  o s s r J ,- -

"  c -5 
i .. < 

é-.EE E f s 

Jrr  £ DC 
SS Ê 
EE £ r̂  Q. 
33 N - l O 
cc F r- -

—— t CK: ^ 
^^ C LU M 

cc ~ t—

'="! < < 
a.. "c < > 

0jj -C - * 

??  u n 

!! = ^ £ e 00 0/ 
cc ^ ï 
OJJ Ü E 
§-££ 2 

£ ^^  ï 3 s 

33 £ c .1 c 

104 4 



MOLECULARR EPIDEMIOLOGY OF HIV IN EUROPEAN INJECTING DRUG USERS 
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FiRR 2 The phylogenetic relationships among 146 sequences obtained from injecting drug users in western Europe The 
neighbour-joiningg tree is based on synonymous p-distances tor env V3 sequences. Bootstrap resampling was performed by 
generatingg 100 trees; bootstrap values of 60 and higher are indicated. The sequence names are composed of the estimated year 
off HIV-1 seroconversion, the city where the IDU was followed and a personal, anonymous, (dentitication^number. The UU. 
virusess could be distinguished approximately in the tree from the non-CGC viruses, except tor those marked . 
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northernn European countries, whereas the non-GGC 
virusess were predominantly from ID U followed in 
southernn and central European countries such as Spam, 
thee southern part of France and Switzerland. The 
sequencess obtained from ID U in northern Italy clus-
teredd in both groups of CICC and n o n - G GC strains. 

Besidess a rough geographical separation between 
sequencess from northern and southern /central Eur-
ope,, the tree demonstrates differences in sequence 
clusteringg among cities. For ID U from Edinburgh 
andd the surrounding area, a major cluster of geneti-
callyy related viruses of the G GC type was observed 
(upperr box), indicating that many people are infected 
byy the same HI V strain. The sequences obtained 
fromm the remaining Scottish ID U showed no genetic 
relatednesss with the Edinburgh sequences, apart from 
strainn 96TM200-Glasgow. The Edinburgh sequences 
thatt cluster together were derived from ID U infected 
inn early days in the epidemic (1984) and from those 
recentlyy infected (1996), showing that the "founder" 
viruss in Edinburgh was transmitted among ID U over 
aa period of 12 years. Besides the cluster of related 
G GCC viruses, a group of related n o n - G GC viruses 
wass observed (Fig. 2, lower box). This cluster 
predominant lyy contains strains from ID U followed in 
Nicee and Marseilles who seroconverted in 1986 — 
1989.. It also includes two strains from Amsterdam 
ID UU w ho seroconverted in 1990-1996, two strams 
fromm Spanish ID U (Alicante seroconverters 1992— 
1996)) and three from Swiss ID U (Geneva serocon-
verterss from 1991, 1993 and 1996). These seven 
individualss became infected with HIV- 1 later in the 
epidemicc than their French counterparts, suggesting 
thatt they acquired their infection either in southern 
Francee or trom French ID U who travelled to Spain, 
Switzerland,, or the Netherlands. 

Locall HIV epidemics 
T oo study the relationships among the HIV sequences 
circulatingg within each country a neighbour-joining 
phylogeneticc tree was constructed for each site. Figure 
?>a?>a shows a tree that includes sequences from Edinburgh 
IDU .. As m Fig. 2, one major cluster, with bootstrap 
supportt ot 80%, was observed. The trees constructed 
forr sequences obtained from Amsterdam (Fig. 3b), and 
forr sequences from Innsbruck and Geneva (not shown). 
didd not segregate in bootstrap-supported clusters within 
thee separate trees and were dispersed among the other 
sequencess shown m Fig. 2. 

Forr France (Fig. 3c), and to a lesser extent for Italy and 
Spainn (trees not shown), clusters of related viruses were 
observed.. The synonymous tree constructed for France 
showedd two distinct clusters: one with G GC viruses 
originatingg from northern France (Paris) and one with 
non-GGC"" viruses from southern France (Marseilles and 
Nice).. Among the 20 Italian sequences, six clustered 

togetherr with a bootstrap value of 91''.. in the tree 
basedd on Kimura two-parameter distances and m the 
treee based on synonymous p-distances. suggesting an 
Italiann 'founder' virus (trees not shown). Some se-
quencess from Spam tended to cluster together, even 
thoughh the bootstrap values were not significant, 
perhapss because sequences generally become more 
heterogeneouss over time and these were derived 
mainlyy from follow-up samples. Furthermore, se-
quencess from Alicante were indistinguishable from 
sequencess from Castellon. 

T oo study possible reasons for the absence of country -
specificc clusters for the Amsterdam. Geneva and In-
nsbruckk sequences, genetic distances (median synon-
ymouss p-distances of pairwise comparisons) were 
analysedd for each city. Innsbruck showed the highest 
mediann nucleotide variation (12.1%), whereas Amster-
damm showed one ot the greatest ranges of variation ( 0-
27%).. a value just within the range observed for genetic 
subtypess of HIV- 1 |23). 

T oo distinguish further the characteristics of local HIV 
epidemicss in different areas, the nucleotide variation 
wass compared tor Edinburgh and Amsterdam: the two 
citiess that differed the most in nucleotide variation but 
weree most comparable in the number of sequences 
obtainedd in the different time periods in the HIV 
epidemic.. The median nucleotide variability of 9.8% 
(rangee 0-20.9) for the total group of Edinburgh 
sequencess was significantly different from the 11.1% 
(rangee 2.0-26.9) observed for Amsterdam ( P< 
0.0001).. Figure 4a shows the genetic distances for each 
periodd in the epidemic. The most conspicuous differ-
encee was observed for the earliest period (1984-1988). 
whenn the median variation was considerably higher in 
Amsterdamm (7.3%) than in Edinburgh (1.8%). Evi-
dently,, a more heterogeneous vims population was 
introducedd among ID U in Amsterdam than in Edin-
burgh,, where many people were infected by the same 
strain.. To pursue this issue, a tree was constructed (Fig. 
4b)) based on sequences from all European subjects who 
seroconvertedd early in the epidemic (before 1989): m 
thiss tree, the Amsterdam sequences did not form a 
monophylet icc group whereas the Edinburgh sequences 
did.. It is notable that differences in sequence variability 
betweenn Amsterdam and Edinburgh decreased during 
thee course ot the epidemic (Fig. 4a), suggesting that the 
Edinburghh ID U population likewise acquired new viral 
strainss from outlying districts in the second and third 
periodd of the epidemic. 

Studiess in areas of Scotland beyond Edinburgh (e.g. the 
Greaterr Glasgow area) did not reveal a founder virus. 
Geneticc distances calculated separately for the two areas 
torr a comparable time period (1993-1997) indicated 
thatt the overall genetic distance of 10.3% (range 0 -
21.0)) for Edinburgh was significantly lower than the 

106 6 



MOLECULARR EPIDEMIOLOGY OF HIV IN EUROPEAN INJECTING DRUG USERS 

ii 80 

861— — 
977 n _ 

-- 91EDIN8URGH1565 

90EDINBURGH45713 3 

96EDINBURGH26560 0 

-93EDINBURGH14329 9 

-91EDINBURGH2543 3 

97EDINBURGH48098 8 
-94EDINBURGH9924 4 

-94EDINBURGH47872 2 

—— 91EDINBURGH28843 
-90EDINBURGH2961 1 

-89EDINBURGH1149 9 

1 1 
-84EDINBURGH3482 2 

-83EDINBURGH2686 6 

84EDINBURGH45095 5 

85ED1NBURGH1906 6 

—— 84EDINBURGH2909 

(a) ) 0.02 2 

-97EDINBURGH51832 2 

92EDINBURGH761 1 

-95EDINBURGH37211 1 

91EDINBURGH9607 7 

-96EDIMBURGH26527 7 
.94EDINBURGH38143 3 

QQ I 94EDINBURGH14849 

:: 37 

90AMSTERDAM1164 4 
91AMSTERDAM5044 4 

87AMSTERDAM7068 8 

89AMSTERDAM138 8 
88AMSTERDAM4004 4 

-95AMSTERDAM1213 3 

fi fi 
r ^ ^ 

87AMSTERDAM5032 2 

-87AMSTERDAM3O07 7 

87AMSTERDAM1083 3 
-96AMSTERDAM42 2 

-97AMSTERDAM325 5 

-90AMSTERDAM85 5 
96AMSTERDAM3173 3 

95AMSTERDAM7090 0 

-88AMSTERDAM30O8 8 
87AMSTERDAM142 2 

92AMSTERDAM78 8 
95AMSTERDAM3120 0 

- 8 77 AMSTERDAM 1035 

911 AMSTERDAM 1' 

—— 89AMSTERDAM3072 
—97AMSTERDAM140 0 

-95AMSTERDAM3051 1 

1 0 0 '' 96AMSTERDAM4021 
93AMSTER0AM239 9 

-97AMSTERDAM5035 5 
-- 92AMSTERDAM3062 

96AMSTERDAM3180 0 
85AMSTERDAM4O08 8 

(b) ) 0.02 2 

JL L 
-C C 88MARSEILLES-15 5 

88N1CE-Q4 4 

89MARSEILLES-13 3 

.89NICE-18 8 

7 11 '86NICE-10 

.89MARSEILLES-05 5 

11 89NICE-09 

88PARIS-22 2 

i C i i 

-88MARSEILLES-21 1 

89PARIS-19 9 

11 r8 

RRl l 

Fig .. 3. Neighbour- joining trees based on Kimura two-para-
meterr distances for cnv V3 sequences from (a) Edinburgh and 
(b)) Amsterdam, (c) Neighbour-joining tree based on synon-
ymouss p-distances for em' V3 sequences from three cities in 
France. . 

13.1%% observed For the region of Greater Glasgow 

(rangee 2.0-23.0) ( P< 0.005). 

Viruss migration among populations of injecting 
drugg users 
Too trace new virus introductions in different areas ot 
westernn Europe, all sequences were examined for a 
G GCC or n o n - G GC signature at the tip of the V3 loop. 
Overall,, the proport ion of GGC. did not change 
significantlyy over time, but regional trends were not 
uniform.. Sets of sequences per region (northern, central 
andd southern Europe) were examined for changes in 
nucleotidee patterns over t ime. For northern Europe, all 
virusess had the G GC pattern in the earliest period 
(1985-1988),, a finding that suggests that these epi-
demicss started with G GC viruses. A decrease m the 

proportionss of G GC viruses was observed over time, 
fromm  m 1989-1992 to 73.9% after 1993 
( P < 0 . 0 5 ).. A decrease in the proportions ot G GC 
strainss was also observed for central Europe: 111% to 
42.8%% to 25.0%, but this was bordej-line significant 
(P=(P= 0.06). Since the four amino acids at the tip of the 
V33 loop are highly conserved and rarely, if ever, 
changee within a person over time [11], the relative 
decreasee of G GC viruses must result from the introduc-
tionn of n o n - G GC viruses. Among [DU in Southern 
Europe,, only n o n - G GC viruses were observed m the 
beginningg of the epidemic. The proportion ot new 
infectionss with G GC viruses increased from 0% (1984-
1988)) to 17.6% (1989-1992) to 18.2% (1993-1997) 
overr the course of the epidemic, but this was not 
significant. . 
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Fig.. 4. Analysis of p-distances. (a) Pairwise synonymous p-
dislancess (expressed as a percentage of nucleotide differ-
ences)) for the V3 sequences from injecting drug users in 
Edinburghh and Amsterdam in three different periods of the 
HIVV epidemic. The horizontal lines indicate the median 
nucleotidee distances; the interquartile range and minimum 
andd maximum distances are indicated by the box and bars, 
respectively.. The median values were tested for statistical 
differencee by the non-parametric Mann-Whitney U-test. (b) 
Neighbour-joiningg tree based on synonymous p-distances 
fromm all European subjects with an estimated HIV serocon-
versionn date between 1984 and 1988. 

Thee present study attempted to establish epidemio-
logicall  relationships and to trace virus migrations 
amongg HIV- 1 epidemics in the I D U of seven western 
Europeann countries. Accordingly, HIV- 1 sequences 
weree obtained from ID U infected during the early 
(1984-1988),, intermediate (1989-1992) and late 
(1993-1997)) periods of the epidemics. In total, 145 
sequencess were analyzed and compared with sequence 
dataa from earlier studies. 

Al ll  145 sequences obtained in our study were HIV- 1 
subtypee B. Despite a growing number of HIV- 1 
infectionss caused by virus subtypes other than B in 
Europee [24,25], these viruses, so far, have not entered 
thee ID U populations in western Europe. We neverthe-
lesss observed that, over the course of the HIV- 1 
epidemicc among IDU , new subtype B viruses are 
continuouslyy entering ID U populations in the majority 
off  the regions studied. 

O urr findings identify distinct subtype B populations 
amongg ID U in southern/central Europe (non-GGC 
viruses)) and northern Europe (GGC viruses). However, 
thee decrease of the relative proportions of the G GC 
virusess in northern Europe and the n o n - G GC viruses 
inn southern Europe over time suggests various sources 
off  subtype B strains in local areas, which spread to 
otherr populations. The G GC viruses that enter south-
ernn Europe most likely come from IDU in northern 
Europe,, because these viruses are not common in other 
HI VV risk groups in northern or southern/central 
Europe.. A comparison of HIV- I V3 sequences from 
homosexuall  men and I D U in five western European 
countriess revealed no G GC viruses among homosexual 
menn in Spam, Italy, the Netherlands, and Germany; 
amongg 40 homosexual men in France, only one G GC 
viruss was observed [12]. Among 45 ID U in Spam, only 
threee G GC strains were found. Therefore, it could be 
suggestedd that the G GC viruses introduced in Spam 
couldd have come from northern Europe or Italy. 

Analogously,, the data suggest that at least some of 
thee n o n - G GC strains in northern Europe originate 
fromm IDU in southern/central Europe. Although 
n o n - G GCC strains are not specific for a particular risk 
groupp in southern Europe, they predominate among 
ID UU in Spain and Switzerland [12,26]. For Spanish 
ID UU m the cohort, it is known that they occasionally 
travell  to France, Italy and Portugal. It is also not 
farfetchedd to assume that ID U from France, with a 
strictt law for drug use. travel to more tolerant 
countriess like the Netherlands. The Geneva ID U 
mostlyy travel in Asia, but in Europe they are 
travellingg to Spain, France and the Netherlands. The 
Amsterdamm IDU are known to travel to southern 
Europeann countries, such as Spain. 
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Previouss epidemiological studies showed evidence tor 
needlee sharing and travelling of I PU among different 
Europeann countries |H.27,28]. Edinburgh ID U travelled 
too Amsterdam and shared needles with ID U in that city 
[S|.. Another study showed a high proport ion ot ID U 
off  Italian nationality living in Amsterdam [28|. who 
appearedd to have a high prevalence of HIV infection 
andd syringe sharing. 

Ann alternative, but more unlikely, explanation for the 
presencee of n o n - G GC viruses among ID U in northern 
Europee is a linkage with the homosexual communi ty. 
Forr all ID U included in this study, the reported most 
likelyy route of HIV transmission was injecting drug 
use.. but some drug-using men worked as prostitutes. 
Fourr of the Amsterdam ID U worked as prostitutes. 
However,, they reported limited or no homosexual 
contactt around the time of HI V seroconversion and 
threee carried the G GC strain, which so far has not been 
describedd among any of the homosexual men in 
Amsterdam. . 

AA third possibility is that n o n - G GC viruses may have 
passedd from heterosexually infected individuals to IDU . 
Subtypee B viruses with the G GC pattern were found 
inn heterosexually infected individuals in Amsterdam, 
whichh probably originate from the IDU population 
[29],, These observations indicate that ID U populations 
havee epidemiological overlap with heterosexually H IV -
infectedd individuals with subtype B in Amsterdam. 

Ourr results show that the HIV- 1 epidemic among ID U 
inn Europe consists ot a multitude ot local epidemics, 
eachh with its own characteristics. For instance, in 
Edinburgh,, one major cluster ot related viruses was 
observed,, indicating that one HIV variant was able to 
spreadd locally within this population of IDU . The same 
conclusionn was reached bv others |3' l| on the basis ot 
phylogeneticc analysis of HIV- 1 sequences trom ID U in 
Scotland.. It is interesting to note that the earliest drug-
usingg seroconversion patient in Edinburgh serocon-
vertedd just after returning from Spam [311. Based on 
ourr finding that the majority of the Edinburgh ID U 
aree infected with the G GC strain, a strain not common 
att that time in Spain, we conclude that this person was 
probablyy not the source of the early Edinburgh HIV 
epidemic. . 

Forr Amsterdam. Innsbruck and Geneva, heterogeneous 
viruss populations were observed. The ID U popula-
tionss are probablv in frequent contact with ID U 
populationss from all parts ot Europe. It is known that 
Amsterdamm has been frequently visited by a substantial 
numberr of Austrian IDU. They seem to visit no other 
citvv or region so frequently, but Austrian ID U could 
alsoo have mixed with IDU from Italy, especially since 
thee Austrian and Italian Tyrol share certain health 
facilities. . 

Previouss extensive background studies of Scottish HI V 
epidemicss |8,13,30,32] have shown different patterns of 
spread.. In Edinburgh, the HIV- 1 infection spread very 
rapidlyy in a short time and reached prevalence rates 
aroundd 50% in the early period, with viruses being 
geneticallyy highly related. In Glasgow, the virus spread 
muchh more slowly and did not reach the high levels 
observedd in Edinburgh. The HIV epidemic among 
Edinburghh ID U is notorious among other Scottish 
IDU ,, who may therefore be reluctant to share needles 
wit hh Edinburgh IDU . The differences we observed for 
distinctt regions in Scotland support the results from 
previouss studies. We suggest, moreover, that the higher 
geneticc variation observed in Greater Glasgow can be 
explainedd by the fact that the samples were obtained 
fromm ID U spread over a larger geographic area than 
Edinburgh. . 

T w oo different virus populations were identified in 
northernn and southern France (Fig. 3c), which is 
notablee but not surprising. Marseilles and Nice are in 
southernn France, close to the Spanish border, to 
Genevaa in Switzerland and Turin in northern Italy, all 
areass in which n o n - G GC viruses are circulating. The 
clusterr of G GC viruses in Pans most likely reflects 
exchangee with ID U from the northern part of Europe. 
Forr Spain, no distinct clusters were observed for the 
Alicantee and Valencia region. This finding could 
indicatee sharing of needles among ID U trom these two 
regions,, but since in Spain we could collect only 
follow-upp samples, derived in 1996-1997, an earlier 
differencee between the regions may have gone unde-
tected. . 

Finally,, our results indicate that the HIV epidemics 
amongg ID U in north-western Europe and south-
westernn Europe started with distinct subtype B 
populations.. We have demonstrated migration ot 
HI VV strains across European borders and the increas-
inglyy heterogeneous virus populations, particularly 
amongg ID U in the Netherlands, Austria and Switzer-
land,, which reflect the international characters and 
travell  behaviour of these ID U populations. They 
might,, therefore, become 'melting pots' of HIV 
variants.. The Edinburgh IDU , in contrast, share 
closelyy related HIV strains that reflect a much less 
internationall  IDU population. From the public health 
perspective,, these data are essential tor the control ot 
HI VV spread. ID U populations with international 
contactss form a potential risk tor cross-border HI V 
migration.. Although the spread ot HIV is dependent 
onn many factors (risk-taking behaviour, prevention 
measuress available in the country and the back-
groundd HIV prevalence), among these international 
groupss it may be more difficul t to control spread 
andd HIV prevention measures may be less effective 
inn regions with IDU populations that are likely to 
change. . 
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6 .11 Th e impor tanc e o f globa l moni tor in g o f H I V - 1 var ia t io n 

HIV-11 is characterized by extensive genetic variation within individual patients, within 
infectedd communit ies, and on a global scale. Based on phylogenetic analysis, HIV-1 
strainss are divided into three groups M, N and O, of which group M is subdivided into nine 
geneticc subtypes: A-D, F-H, J and K1, each with its own geographic distr ibution. Due to 
viruss exchange between infected populations, the global distribution of HIV-1 subtypes is 
changingg over t ime. Recombinant forms may arise. Currently, six have officially been 
identifiedd as circulating recombinant forms (CRF)1, some with evidence for epidemic 
spread.22 The recent identification of the first two recombinants in Thailand including 
CRF01_AEE (AE/B and AE/C) 3 '4 demonstrates that CRFs are relevant in the worldwide 
epidemic,, and that the genetic diversity of HIV-1 is increasingly complex. 
Biologicall differences between HIV-1 subtypes have been shown in vi tro,5 7 Although in 
vivoo studies focusing on the relationship between transmissibil ity of infection and clinical 
progressionn between HIV-1 subtypes have been inconclusive. The variabil ity of HIV-1 
undoubtedlyy affects diagnostics and vaccine development. For example, some 
commerciallyy available viral load assays - used both for clinical purposes and 
epidemiologicall studies - are less efficient in detecting non-B HIV-1 subtypes.8,9 I f RNA 
levels,, used to measure the effect of anti-retroviral therapy are underestimated, this may 
adverselyy influence the clinical management for the patient. As for the development of a 
widelyy effective or 'global ' vaccine, a vaccine based on one subtype could be ineffective 
too prevent infections wi th other subtypes of H IV-1 . The influenza vaccine has to be 
periodicallyy modified and updated because of the genetic variations of the influenza virus. 
Possibly,, the same might need to be done with a future HIV vaccine. 
Inn conclusion, as described in chapter one, the continuously discovered new - and more 
complexx - recombinants (as well as new subtypes or groups)1 and the implications of 
HIV-11 variation for diagnostics, treatment, vaccines, and epidemiology, underscores the 
needd for systematic attempts to characterize HIV-1 strains and follow their spread. The 
extremee variabil i ty of HIV-1 makes it possible to conduct transmission studies on the 
basiss of phylogenetic analysis, which appears to be a useful tool in tracing global and 
locall patterns of spread. Currently, UNAIDS is supporting a global network for HIV 
isolationn and characterization to monitor the distribution and emergence of new 
subtypes.. The information collected is being used to monitor the dynamics of subtype 
distributionss globally to facilitate the development and evaluation of vaccines 
[www.unaids.org] . . 

6.22 Moni tor in g o f H I V - 1 subtype s in th e Nether lands : th e pas t 

Inn this thesis, we demonstrate that studying the variation of HIV-1 by DNA sequencing 
andd phylogenetic analysis can be used to successfully address a variety of 
epidemiologicall issues. Initial molecular studies of HIV-1 in the Netherlands were 
concentratedd on injecting drug users and homosexual men in Amsterdam, and 
demonstratedd that these epidemics are caused by subtype B strains.10,11 A pilot study 
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amongg women from AIDS-endemic areas showed that many other subtypes are present 
inn Amsterdam.1 2 However, no systematic data on circulating HIV-1 subtypes and 
transmissionn patterns among heterosexually infected individuals in the Netherlands were 
availablee nor had long-term studies been undertaken. 

Inn chapters two and three, we describe the results from a nationwide surveillance project 
amongg heterosexuals in which we studied the circulating HIV-1 subtypes, their 
heterogeneity,, and the epidemiological factors influencing their distr ibution. Providing 
HIV-11 sequences and epidemiological data for approximately 300 heterosexuals in the 
Netherlands,, the project demonstrated that multiple HIV-1 subtypes are present and 
epidemiologicallyy significant in the Netherlands: 1 3 1 4 4 0 % of the heterosexually infected 
individualss carry a non-B subtype. We also identified a unique F/D recombinant 
circulatingg in the Netherlands and Belgium.1516 

Phylogeneticc analysis and epidemiological data revealed that new introductions of HIV 
non-BB strains have occurred regularly in the Netherlands, but have not caused a 
signif icantt change in the frequency of HIV-1 subtypes over t ime, probably due to 
simultaneouss introductions of subtype B strains from the Caribbean countries and 
Sur inam.. Furthermore, we demonstrated that virus transmissions occur across distinct 
exposuree groups in the Netherlands, as well as in other European countries. For example, 
inject ingg drug users in Amsterdam appear to be a source of HIV-1 subtype B infections to 
thee heterosexual population in Amsterdam.17 A molecular epidemiological study of acute 
hepatit iss B infections among various exposure groups in Amsterdam also shows virus 
transmissionn from IDUs to heterosexuals.18 Our study among nosocomially HIV-1 infected 
childrenn in Romania suggests that the subtype F viruses circulating among these children 
originatedd from the heterosexually infected adult population.19 Our large-scale European 
studyy among HIV-1 positive IDUs demonstrates virus exchange between drug user 
populationss in different countries.20 

Takenn together, these studies have shown that to a large extent, HIV diversity in the 
Netherlandss and in other European countries, is the result of introductions of new HIV-1 
var iantss through population migrat ion and the travels of individuals. The mixture of HIV-
11 subtypes may result in the emergence and spread of new intersubtype recombinant 
strains. . 

6 .33 Moni tor in g o f H I V - 1 subtype s in th e Nether lands : th e fu tur e 

Ourr surveillance for HIV-1 subtypes among heterosexuals in the Netherlands was set up 
ass a three-year study to examine the geographic distribution of HIV-1 subtypes and its 
dynamics.. I t has recently ended, raising the question: should we continue the Dutch 
surveil lancee for HIV-1 subtypes in the Netherlands to detect potential subtype 
displacementt in the future? 
Thee need to continue such a monitoring system among heterosexuals is debatable, 
especiallyy since we found no significant change in the HIV-1 subtype distribution in the 
Netherlandss in the last few years. However, the spread of non-B subtypes was perhaps 
nott revealed by our surveillance effort for two reasons. First, we showed that more than 
3 0 %% of the heterosexuals diagnosed HIV-positive between 1997 and 1999 were 
subsequentlyy diagnosed wi th AIDS.1 4 This indicates that we captured a significant 
proport ionn of individuals who were infected for a relatively long period, and although the 
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HIV-11 subtype distribution described in chapter two was based on recent diagnoses, it 
probablyy reflects HIV infections in the past. Second, African immigrants are relatively 
'new'' in the Netherlands compared to Antilleans and Surinamese,21 '22 and since African 
individualss carry predominantly non-B subtypes, the spread of non-B subtypes may 
visiblyy increase in the Netherlands in the next years. 
Inn this thesis, we demonstrate that human migration changes the HIV-1 epidemic. 
Variouss HIV-1 strains have entered the heterosexual population in the Netherlands and 
willl no doubt continue to enter this country; as the inevitable result of immigrat ion and 
travell ing.. However, it is difficult to predict the trend in the future. The Dutch institutes 
forr public health should therefore continue its monitoring for new and re-emerging HIV-1 
subtypess and recombinants, preferably as part of a national surveillance system that 
includess all exposure groups. Cross-sectional testing every few years, as a component of 
suchh a surveillance system is strongly recommended. Monitoring over t ime can detect 
changess in the distribution of various strains, and may guide selection of sentinel study 
sitess as well as sentinel populations for DNA sequence studies in the future. 

6.44 H I V survei l lanc e in th e Nether lands : th e curren t s i tuat io n an d 
recommendat ion ss fo r th e futur e 

Inn this section, we discuss to what extent the Dutch HIV surveillance system can serve as 
aa basis for monitoring of HIV-1 variation and what kind of improvements the system 
needss to adequately follow trends in the course of the HIV-1 epidemic. The future 
surveillancee system should be capable of identifying individuals with primary infections 
(HIVV incident cases), and may include monitoring for HIV-1 subtypes, recombinants, and 
resistancee to antiretroviral drugs. 

6.4.16.4.1 HIV case notification 

Currently,, HIV surveillance in the Netherlands is based on an AIDS reporting system, 
threee long-term HIV serosurveys (STD clinic visitors, pregnant women and IDUs) and 
variouss smaller studies.23 ~26 

Thiss system has severe limitations. The surveys provide data on HIV prevalence and 
relatedd behavior, but only for a few selected populations and geographic regions. 
AIDSS case reporting has played an essential role in the epidemiological surveillance of 
HIVV infection in industrialized countries. In the Netherlands, the AIDS case data were 
used,, together with information about the natural history of infection, to extrapolate the 
progressionn of the epidemic.27 However, since 1996, the Dutch national AIDS reporting 
systemm has been unable to follow trends in recent HIV infections, mainly due to the 
availabilityy of early combination therapy that postpones the onset of AIDS.28"30 Attent ion 
too the spread of HIV through surveillance nevertheless remains important, because new 
generationss become sexually active and lifestyles change. Also demographic 
developmentss (such as migration) continually influence the composition of the population 
att risk for HIV. 

AA nationwide (coded) HIV reporting system of newly identified cases as a basis for HIV 
surveillancee is needed in the Netherlands for several reasons.31 Compared to AIDS case 
reporting,, reporting of HIV infections provides a more up-to-date picture of the HIV 
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epidemic;; it can detect recent HIV trends in all exposure groups. In addit ion, it can 
providee information on the clinical stage at which diagnosis is made. Ultimately, this 
informationn will be useful in the planning and evaluation of prevention programs, as well 
ass in the cost-effective application of resources for controlling the HIV epidemic.30 

AA Europe-wide program of combined HIV and AIDS reporting and additional surveillance 
activit iess directed at established exposure groups is recommended by UNAIDS, 29,30 for 
thee reasons mentioned above. Ideally, in each country HIV surveillance that includes all 
exposuree groups should be coupled with programs offering prevention strategies. 
Currently,, the National Health Council in the Netherlands is reconsidering the public 
healthh value of HIV case report ing.3 1 

6.4.26.4.2 Heterosexual population 

Inn the Netherlands, most of the epidemiological, clinical, and biological studies of HIV-1 
infectionn are based on the Amsterdam cohort studies among homosexual men and IDUs. 
Thee few studies that include the heterosexual population are mainly restricted to HIV 
surveillance,, and information on disease progression among heterosexuals is l imited. The 
AIDSS Therapy Evaluation (ATHENA) project, to monitor the HIV infection and its 
t reatment ,, 32 includes only 2 1 % heterosexuals, while 6 5 % of the treated individuals are 
homosexuall men.3 3 

Clearly,, we can conclude that heterosexual men and women should receive more 
attent ionn in additional HIV surveillance activities and in clinical studies in the 
Netherlands.. Although the AIDS notification data do not reflect the most recent HIV 
infections,, the relative contr ibution of heterosexual AIDS cases is increasing over t ime. 
Inn 1999, the number of AIDS cases among heterosexuals passed the number of IDU 
AIDSS cases in the Netherlands.34 Data f rom other sources indicate that HIV infections 
occur,, more often than in the past, among women, among individuals with a non-Dutch 
or ig in,, and in areas beyond the urban agglomeration in the west of the Netherlands.25,35 

Alsoo in Belgium a recent increase in newly diagnosed HIV infections based on surveillance 
systemm data was observed; the proportion of women and individuals with non-Belgium 
nationalit iess increased significantly the last few years.36 

Thee relatively large percentage of heterosexuals with an AIDS diagnosis in the 
Netherlandss (chapter 2) indicates that heterosexuals may not perceive themselves at risk 
forr HIV. Compared to homosexual men, heterosexuals know their HIV status less often 
andd thus receive early anti retroviral t reatment less often. In chapter two we 
demonstratedd that almost all individuals who did not know how they became infected -
butt denied drug use and homosexual contacts - were infected with subtype B. This shows 
thatt a particular subgroup of heterosexuals, those who occasionally travel within Europe 
orr other areas where subtype B predominates, do not consider themselves at risk for 
HIV.. Moreover, it may indicate secondary spread of the subtype B strains that have been 
introducedd in the Netherlands. The role of immigrants in the HIV epidemic in the 
Netherlands,, in particular those from areas with high or increasing numbers of HIV 
infections,, requires specific attent ion in surveillance activities. Currently, a surveillance 
programm is set up at the national institute for public health and environment directed at 
heterosexualss f rom HIV endemic countries living in the Netherlands, and will include HIV-
prevalencee as well as behavioural data. Physicians should be aware that persons 
originat ingg from African countries and those with sexual partners from these areas may 
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bee infected with a non-B subtype; they should take into account that RNA plasma levels, 
essentiall for the evaluation of t reatment, may be underestimated by some commercial 
assays.8,9 9 

Inn general, more research needs to be undertaken among heterosexuals to study 
potentiall differences in pathogenicity and responses to antiviral therapy among 
individualss infected with various subtypes or recombinants. Preferably, prospective 
studiess should examine seroconverters who have not yet received antiretroviral therapy. 
AA few cross-sectional studies have shown small differences in disease progression by 
HIV-11 subtype, 37,3S but results were inconclusive.37"41 Studies of this kind are usually 
difficultt to interpret, because the observed differences in disease progression between 
subtypess could be biased by many factors, for instance, the length of t ime a subtype has 
beenn circulating. Differences in disease progression, HIV transmissibil ity or vaccine 
efficiencyy are most likely influenced by a multi tude of host, viral and behavioural factors, 
whichh may be difficult to unravel. A long-term prospective cohort study among drug-
naivee individuals, in a country with good treatment opportunit ies, which includes a 
significantt number of non-B infected patients, would probably be the best design to 
controll for other factors of influence. If no individual country has an adequate number of 
recentt cases, one could consider conducting a study at the European level. 

6.4.36.4.3 Primary infections: incidence of HIV-1 subtypes, drug resistant strains, and 
recombinants recombinants 

Ann HIV reporting system should be developed in the Netherlands. I t is a key element for 
HIVV surveillance and already exists in most European countries.29 HIV infection reports 
shouldd include information allowing the characterization of patients (age, gender, region, 
andd risk group) and identification of those recently infected (the incident cases). 29"31 

Addingg this last variable to the HIV case report is recommended for various reasons. 
First,, it provides HIV-1 incidence data for the various exposure groups. HIV incidence 
dataa are available in the Netherlands only for homosexual men and IDUs participating in 
thee Amsterdam cohort studies, not for other regions in the country, nor for the 
heterosexuallyy infected population. Second, a register of individuals wi th a primary HIV 
infectionn provides the opportunity to select individuals for monitoring of HIV-1 variat ion. 
Fromm these incident cases, samples can be collected with informed consent (through the 
patient'ss physician) for DNA sequence analysis and subtyping to study the HIV-1 strains 
thatt are currently being transmit ted. 

Finally,, the increase of gonorrhoea and syphilis among clients of the Amsterdam sexually 
t ransmit tedd diseases clinic visitors, underlines the need for a continuous surveillance 
systemm for HIV-1 infections. The increase of these STDs indicates an increase in unsafe 
sexuall behaviour, possibly because of a change in att itudes about AIDS, now that 
effectivee antiretroviral t reatment is available.42 

Thee incidence of different subtypes can be carried out in relation to genotypic drug-
resistancee patterns. Monitoring of viral drug resistance should be a permanent 
componentt of HIV surveillance. In Western Europe and the United States, subtype B 
predominates,, and most studies for drug resistance include mainly patients infected wi th 
subtypee B. However, non-B subtypes are increasingly documented in the West, and we 
knoww little about the drug resistance patterns among non-B infected patients. Drug-
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resistantt HIV-1 mutants have been observed in response to most, if not al l , available 
reversee transcriptase (RT) 43 '44 and protease inhibitors,45"47 even among drug-naive 
patientss 48,49, but the incidence of transmission of drug-resistant strains within the 
differentt risk groups in the Netherlands is unknown. Transmission of mult i-drug-resistant 
virusess has been documented in other countries, resulting in drug resistance in newly 
infectedd persons.50 

Att the Department of Human Retrovirology of the Academic Medical Centre in 
Amsterdam,, HIV-1 seroconverters who participate in the Amsterdam cohort studies are 
routinelyy tested for drug- resistant mutations in the HIV-1 pol gene. Since the availability 
off highly active retroviral therapy (HAART) no new cases of drug resistance have been 
found.. However, in the ATHENA project it was demonstrated that 50% of those without 
previouss t reatment must change the first HAART combination within the first 24 weeks of 
start ingg treatment.5 1 The percentage is 8 0 % for previously treated patients.33 In 32-
4 0 %% of all treated patients, the therapy-switch was made because of serious side effects. 
Furthermore,, half of the patients did not follow the instructions for the prescribed anti-
retrovirall therapy,33 which suggests that transmission of drug- resistant HIV-1 strains in 
thee Netherlands may increase in the future. 

Sincee there are limited epidemiological data on the occurrence of drug-resistant mutants 
amongg drug-naive patients, and their transmission has important implications for society, 
theree should be broad implementation for sequencing the RT and protease regions of the 
poll gene isolated from seroconverters. When genotypic drug resistant viruses are 
identi f ied,, they should be analyzed by phenotypic assays. Measuring the frequency of 
drug-resistancee in various groups and compiling drug-resistance profiles could help 
predictt t reatment failure and may assist in the design of treatment regimes. 
Ass a pi lot study to determine whether there are indications for the emergence of drug-
resistantt HIV strains among drug-naive individuals in the Netherlands, HIV-1 positive 
individualss from various populations (pregnant women, homosexual men, IDUs, and STD 
clinicc visitors) can be examined for genotypic drug resistance in the pol gene. Such a 
studyy could also provide some indication of recombination in HIV-1 strains, since the V3 
regionn of the env gene of those infected by heterosexual contact have already been 
sequencedd (chapter 2). When individuals are found to have a discordant subtype in the 
envv and pol genes of discordant subtypes, ful l-genome sequencing can be applied to 
reveall the complete recombinant structure of the genome. 

Too discriminate individuals with a recently acquired HIV-1 infection from those infected 
forr longer periods samples can be screened with the detuned assay, as described in the 
nextt paragraph.5 2 The individuals with a primary infection are eligible for a drug 
resistancee study. So far, the detuned assay has been validated only for subtype B 
viruses,, but validated also for non-B subtypes, it can be used to identify individuals with 
pr imaryy infections for all studies on HIV-1 subtypes and intersubtype recombinants. 

6.4.46.4.4 Identification of HIV incident cases 

Untill recently, HIV seroconverters were difficult to detect beyond the setting of a cohort 
studyy in which individuals are regularly tested for HIV and may become HIV-1 positive 
overr t ime . The best data for understanding recent changes in transmission and HIV 
incidencee (the number of new infections in a defined period), is provided by such 
longitudinall studies among persons at risk. 

118 8 



GENERALL DISCUSSION 

Onee could also select individuals with symptoms of a recent HIV-1 infection, but some 
willl be overlooked since not everyone has symptoms recognized as an acute HIV-
infectionn and not everyone with symptoms needs to be hospitalized. An alternative to 
selectingg individuals with primary HIV-1 infections, is to screen HIV infected samples with 
thee detuned assay,52 a new two-part HIV-1 enzyme immunoassay (EIA) strategy that 
takess advantage of the progressive development of HIV antibody response during the 
initiall phase of the HIV infection. 

Whenn persons who are first tested with the standard EIA, then retested with a less 
sensitivee EIA, those with recently acquired infections have lower antibody levels and will 
testt negative on the less sensitive EIA. This sensitive/less sensitive assay can thus 
distinguishh persons infected less than approximately 130 days previously from those 
infectedd more than 130 days previously. The assay can be used as a measure for HIV 
incidence,, if combined with a questionnaire that addresses risk behaviour. I t has 
accuratelyy diagnosed 9 5 % of persons with an early infection.52 

6.4.56.4.5 Outbreaks 

Finally,, it should be clear that in case of suspected local outbreaks of HIV infections, the 
usee of molecular techniques is essential. Outbreaks of HIV-1 wi th rapid spread and 
extremelyy low interpatient diversity of strains have been reported among IDUs in Eastern 
Europee 53SS and recently also in Finland.56 The latter report concerned 100 new cases of 
HIVV infection among Finnish IDUs, which were preceded by an outbreak of hepatit is C in 
thee same group. When the HIV cases were noted by the HIV case reporting system, DNA 
sequencingg revealed that several newly infected IDUs carried a homogeneous strain: the 
circulatingg recombinant form CR01_AE. Thus the outbreak was evident. 

6.56.5 Concluding remarks 

Monitoringg of HIV-1 variation by using DNA sequencing and phylogenetic analysis - as 
partt of the HIV surveillance system - is a very useful tool to follow epidemiological trends 
off H IV-1 . 
Fromm a public health perspective, these studies can direct prevention efforts more 
accurately,, may help in partner tracing, and provide insights in populations at greatest 
risk.. Identifying recently infected persons is not only important in the study the HIV-1 
subtypes,, recombinants and drug-resistant strains currently being t ransmit ted, but in 
stoppingg the transmission chain, which is the best strategy to reduce the worldwide 
spreadd of HIV, as long as a global vaccine is not available. 
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SUMMARY Y 

SUMMAR Y Y 

Thee extreme genetic variation in the human immunodeficiency virus type 1 , in particular 
inn its envelope gene, makes it possible to conduct transmission studies on the basis of 
phylogeneticc analysis, which appears a very useful tool in tracing global and local 
patternss of spread. As described in this thesis, phylogenetic analysis was used to provide 
insightss into the epidemiology of HIV-1 subtypes among heterosexuals in the 
Netherlands,, nosocomially infected institutionalized children in Romania, and injecting 
drugg users in several countries of Europe. 

Inn chapter 1 , an overview is presented of HIV-1 variat ion, the classification of HIV-1 into 
ninee genetic subtypes and six circulating recombinant forms, and the global distr ibution 
off HIV-1 subtypes and recombinants. The majori ty of HIV-1 strains circulating in western 
countries,, where HIV is predominantly spread through homosexual contact and injecting 
drugg use, belong to subtype B. In sub-Saharan African countries, where HIV-1 is mainly 
spreadd through heterosexual contact, the non-B subtypes predominate: A,C,D,F en G. 
Inn chapter 1 we also described the methods we used in phylogenetic analysis, and the 
potentiall implications of HIV-1 variation for public health. This information is relevant for 
thee interpretation of the results presented in the following chapters. 
Inn chapter 2, we describe our examination of HIV-1 subtypes circulating among 
heterosexualss in the Netherlands, the geographical distribution of subtypes, and its 
trendss over t ime. These studies showed that of nine genetic subtypes present among 
heterosexualss in the Netherlands, subtype B is the most prevalent. Forty percent of the 
HIV-11 strains belong to a non-B subtype. Introductions of non-B subtypes, mostly 
subtypee A and C, occurred regularly, but the percentage of non-B strains did not increase 
significantlyy over t ime. Since almost all non-B subtypes could be traced to a foreign 
source,, it appears that they did not cause secondary spread in the Netherlands so far. 
Inn several other European countries, an increasing percentage of non-B viruses was 
observedd over t ime. The apparently stable distribution of HIV-1 subtypes in the 
Netherlandss was therefore somewhat surprising. By examining nucleotide signature 
patternss of Dutch subtype B viruses, it became evident that new subtype B strains, as 
welll as non-B strains were regularly introduced in the heterosexual population, keeping 
thee proportion stable. To study introductions of new subtype B strains, we examined 
nucleotidee patterns in the V3 region of the envelope gene. Previous molecular 
epidemiologicall studies among homosexual men and IDUs in Amsterdam showed that the 
subtypee B viruses circulating among these two risk groups can be distinguished on the 
basiss of various mutations. One of the genetic differences observed between homosexual 
menn and injecting drug users is a conserved mutation in the second glycine codon in the 
V33 region the env gene, which is very stable within a person over t ime. Early in the 
epidemic,, a small majority of the heterosexuals in the Netherlands carried a subtype B 
strainn that contained the GGC codon which was also present among the major i ty of IDUs, 
indicatingg virus exchange between the drug using and the non-drug using heterosexual 
population.. After years, the percentage of GGC strains among heterosexuals decreased 
fromm 55% to 2 1 % , due to an increase of subtype B non-GGC strains. The introduction of 
thesee new subtype B strains most likely reflects migration from the Netherlands Antilles 
andd Surinam to the Netherlands. 

Inn chapter 3, we describe the identification of various unique subtype F recombinant 
virusess that were introduced in the Netherlands and Belgium. The goal of the study was 
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too characterize seven HIV-1 strains of African origin that clustered in the env gene with 
distinctt subgroups of subtype F (F l , F2 and F3), in order to understand the phylogenetic 
relationshipss between strains from these three subgroups. Four of the strains, circulating 
inn the Netherlands and Belgium, were intersubtype recombinants: three F/D mosaics and 
onee F/G/H (G9a9/GHpol/F3env). Two of the three F/D mosaics showed similar breakpoints 
andd were independently introduced in Belgium and the Netherlands. Their independent 
originss (the patients were epidemiological unlinked) and the high sequence simiiarity 
suggestt that these F/D mosaics represent a new circulating recombinant form (CRF). The 
threee F/D recombinants were phylogenetically compared with the two other F/D 
sequencess from Belgium of which the complete genome was sequenced (chapter 3: study 
2)) which were highly related with the strains described in the first study. All isolates 
couldd be traced back to the Democratic Republic of Congo, suggesting a common source. 
Thee study reported in chapter 4 was conducted to examine the molecular epidemiology of 
HIV-11 subtype F among nosocomially HIV infected orphan children in Romania. The first 
paediatricc HIV case in Romania was registered in 1989. In 1998, the epidemic was 
estimatedd at 10,000 cases by UNAIDS. Studies showed that the majority of the paediatric 
HIVV strains belonged to subtype F, but little was known about the origin and spread of 
thiss virus in Romania. We therefore collected samples from nosocomially infected children 
andd heterosexually infected adults from three distinct areas in Romania. The high genetic 
variationn observed among the institutionalized children suggests that they became 
infectedd through blood supplies that were contaminated with various subtype F strains. 
Presumably,, the samples were obtained from HIV infected adults in Romania, since we 
showedd that the HIV subtype F virus was already present among adults before it 
appearedd among children in 1989. 
Ourr results indicate that the public health system in Romania has failed at two different 
levels:: the blood supply system and institutes housing the children, where unsterilized 
hospitall equipment and micro-transfusions contributed to the rapid spread of HIV among 
thesee children. 
Inn chapter 5, we reported the sequence analysis of 145 HIV-1 subtype B strains from 
IDUss with documented seroconversion dates in seven European countries. The 
seroconversionn dates ranged from 1984 to 1997. The envelope V3 sequences were 
studiedd by using phylogenetic trees and genetic distance calculations. We showed that 
thee epidemics among IDUs in northern and southern Europe started with distinct groups 
off subtype B strains. In the two areas, the prevalence of north-south founder viruses 
decreasedd due to introductions of new subtype B strains, suggesting exchange of strains 
withinn the European IDU population. In addition, we showed that HIV-1 strains isolated 
fromm Edinburgh IDUs were genetically closely related to each other and circulated among 
individualss who became infected both early and late in the epidemic. In contrast, HIV-1 
strainss circulating among IDUs in Amsterdam, Innsbruck and Geneva were very 
heterogeneouss from the beginning onwards, reflecting multiple introductions and mixing 
amongg IDU populations. These epidemics may have been more difficult to prevent 
becausee of regular virus introductions. 
Inn chapter 6, we discuss the importance of monitoring HIV-1 variability. Molecular 
techniquess are becoming increasingly important for the epidemiology of HIV-1; it 
providess insights in the spread, the origin and the date of the start of the epidemic. 
Studyingg the genetic diversity of HIV-1 is also important for diagnostics and the 
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developmentt of a worldwide vaccine. Finally, molecular techniques play an important role 
inn the research of antiretroviral resistance. 
Inn conclusion, the HIV-1 epidemic in European countries consists of a multitude of local 
epidemicss among different risk groups, each with its own characteristics and patterns of 
spread.. Prevention activity and containment must clearly be designed to these 
differencess to achieve the best results. 

129 9 





SAMENVATTING G 

SAMENVATTIN G G 

Dee extreme variatie in het humaan immuundeficiëntievirus type 1, vooral in het V3 
gebiedd van het envelop gen van het virus, maakt het mogelijk om met behulp van 
fylogenetischee analyse inzicht te verschaffen in de epidemiologie van HIV. Deze methode 
iss een goed hulpmiddel om zowel regionaal als wereldwijd de verspreiding van HIV te 
ontrafelen. . 

Hett onderzoek dat in dit proefschrift beschreven is, is gericht op fylogenetische analyse 
opp basis van HIV nucleotide sequenties om inzicht te verkri jgen in de epidemiologie van 
HIV-11 subtypen bij heteroseksuelen in Nederland, iatrogeen geïnfecteerde 
weeshuiskinderenn in Roemenië en injecterende druggebruikers in verschillende Europese 
landen. . 

Hoofdstukk 1 biedt een overzicht van de genetische variatie van HIV, de indeling in HIV-1 
subtypenn en circulerende recombinante stammen en de wereldwijde verdeling van HIV-1 
subtypenn en recombinanten. De meerderheid HIV-1 stammen die circuleren in westerse 
landen,, waar HIV zich hoofdzakelijk heeft verspreid via homoseksueel contact en 
injecterendd druggebruik, behoort tot subtype B. In Afrikaanse landen beneden de 
Sahara,, waar heteroseksueel contact de belangrijkste transmissieroute is, overheersen 
dee non-B subtypen: A,C,D en G. 

Inn hoofdstuk 1 beschrijven we ook de in dit proefschrift gebruikte methoden van 
fylogenetischee analyse en de potentiële implicaties van HIV-1 variatie voor de 
volksgezondheid.. Deze informatie is relevant voor de interpretatie van de volgende 
hoofdstukken. . 
Hoofdstukk 2 beschrijft de resultaten op het gebied van genetische typering van HIV 
stammenn die circuleren bij heteroseksuelen in Nederland, de verdeling van subtypen in 
verschillendee regio's in Nederland en trends over de t i jd . De studies tonen aan dat van de 
negenn subtypen die bij heteroseksuelen circuleren, subtype B het meest voorkomt. 
Veertigg procent van deze populatie is geïnfecteerd met een non-B HIV stam. Door 
veelvuldigg reizen van en naar gebieden waar andere HIV-1 subtypen voorkomen, worden 
dezee ook in Nederland gesignaleerd. De introducties van non-B subtypen, veelal subtype 
AA en C, hebben echter niet geleid tot een duidelijke verspreiding van non-B stammen bij 
heteroseksuelenn in Nederland. In andere Europese landen wordt wel een significante 
toenamee van non-B subtypen waargenomen. De ogenschijnlijk stabiele verhouding van 
HIV-11 subtypen in Nederland is daarom enigszins opmerkeli jk. Voor het nader onderzoek 
naarr introducties van subtype B stammen, hebben we de nucleotide sequenties van deze 
stammenn bestudeerd. Daarbij kwamen we tot de conclusie dat nieuwe subtype B 
virussenn in Nederland worden geïntroduceerd, die de HIV-1 subtypen verdeling 
vermoedeli jkk in evenwicht houden. 

Blijkenss eerdere studies kan het subtype B virus bij homoseksuele mannen genetisch 
onderscheidenn worden van het subtype B virus bij injecterende druggebruikers. Een van 
dee meest stabiele genetische verschillen is een mutatie in het tweede glycine codon in 
hett V3 gebied van het envelop gen. In het begin van de epidemie, in de jaren tachtig, 
werdd bij een kleine meerderheid van de heteroseksuelen een subtype B virus met het 
GGCC codon aangetroffen; een stam die ook bij injecterende druggebruikers veelvuldig is 
waargenomen.. Dit wijst op uitwisseling van virusstammen tussen druggebruikende en 
niet-druggebruikendee heteroseksuelen. Na enkele jaren nam het percentage GGC 
virussenn af van 55% tot 2 1 % , waarschijnli jk door introducties van nieuwe subtype B 
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s tammenn met een non-GGC patroon, Dit weerspiegelt mogelijk introducties van subtype 
BB stammen vanuit het Caribische gebied en Suriname naar Nederland. 
Mondiaall bezien, worden regelmatig HIV-1 stammen geïsoleerd die niet of moeili jk bij 
bestaandee subtypen ingedeeld kunnen worden. In de regel gaat het hierbij om virus 
recombinantenn die bestaan uit fragmenten van verschillende HIV-1 subtypen. 
Inn hoofdstuk 3 beschrijven we de vondst van een unieke F/D recombinant in Nederland 
enn België. In deze studie hebben we zeven HIV stammen van Afrikaanse oorsprong 
vergelekenn die als drie subgroepen van subtype F ( F l , F2 en F3) 'clusterden' op basis van 
hett envelop gen, met als doel de fylogenie van subtype F te onderzoeken. Na de typering 
vann andere delen van het genoom (het gag en pol gen) bleken vier stammen die in 
Nederlandd en België circuleren recombinatie te vertonen. We vonden drie F/D 
recombinantenn en een F/G/H recombinant (Gga9/GHpol/F3env). Twee van de drie F/D 
recombinantenn bezaten identieke 'cross-over' punten. De recombinanten bleken 
onafhankel i jkk van elkaar in België en Nederland te zijn geïntroduceerd: de twee personen 
haddenn geen epidemiologische relatie. De sterke gelijkenis van de twee F/D 
recombinantenn doet vermoeden dat het hier om een nieuwe circulerende recombinante 
s tamm (CRF) gaat. De twee F/D stammen vertoonden eveneens sterke gelijkenis met 
andere,, in België geïntroduceerde stammen, waarvan het hele genoom in kaart is 
gebracht.. Alle recombinanten hadden hun oorsprong in de republiek Congo-Kinshasa. 
Hoofdstukk 4 beschrijft een studie naarde moleculaire epidemiologie van HIV-1 subtype F 
bijj Roemeense weeshuiskinderen. De eerste melding van een HIV infectie bij deze 
Roemeensee wezen was in 1989. Bijna tien jaar later is het aantal HIV geïnfecteerde 
kinderenn door UNAIDS geschat op 10.000. Eerdere studies toonden aan dat de meeste 
kinderenn zijn geïnfecteerd met HIV-1 subtype F. De oorsprong van dit virus was echter 
onbekend.. Om dit te onderzoeken werden bloedmonsters verzameld van deze 
weeshuiskinderenn en van HIV geïnfecteerde volwassenen, in totaal uit drie Roemeense 
distr ic ten.. De grote genetische variatie die werd waargenomen in het bestudeerde gebied 
vann de subtype F stammen, suggereert dat de kinderen geïnfecteerd zijn met bloed uit 
verschil lendee besmettingsbronnen, vermoedeli jk afkomstig van volwassenen in 
Roemenië.. We toonden aan de subtype F-virussen reeds circuleerde bij Roemeense 
volwassenenn alvorens het in 1989 verscheen in populaties van Roemeense weeskinderen. 
Uitt ons onderzoek is gebleken dat het Roemeense systeem voor de volksgezondheid op 
tweee niveaus heeft gefaald: bij het systeem van bloedvoorziening en in de instituten 
waarr de kinderen verbl i jven. Hier hebben microtransfusies met bloed en ongesteriliseerd 
mater iaall bijgedragen aan de snelle verspreiding van HIV onder deze kinderen. 
Inn hoofdstuk 5 bestuderen we de genetische variatie van 145 injecterende 
druggebruikerss met een bekende seroconversiedatum, woonachtig in zeven Europese 
landen.. De monsters werden geselecteerd van seroconverters uit drie perioden tussen 
19844 en 1997. De variatie in het V3 gebied van de HIV stammen werd bestudeerd door 
middell van fylogenetische bomen en genetische afstandsberekeningen. We toonden aan 
datt de epidemie bij druggebruikers in Zuid-Europa is gestart met een andere subtype B 
var iantt dan de epidemie in het noorden van Europa. In beide gebieden nam de frequentie 
vann de stammen af als gevolg van nieuwe subtype B virus introducties. Ook werden er 
geografischee verschillen in genetische diversiteit tussen diverse steden waargenomen. De 
s tammenn van druggebruikers in Edinburgh waren relatief homogeen in tegenstelling tot 
diee in Amsterdam, Genève en Innsbruck. Het onderzoek bracht tevens aan het licht dat 
enkelee druggebruikers in Edinburgh tot 12 jaar na de start van de epidemie met dezelfde 
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stamm waren geïnfecteerd die destijds woedde. De epidemieën in Amsterdam, Innsbruck 
enn Genève zijn duidelijk gevoed door introducties van stammen uit buurlanden, waardoor 
dee preventie van de verspreiding waarschijnlijk werd bemoeilijkt. 
Inn hoofdstuk 6 gaan we in op het belang van het monitoren van HIV-1 subtypen en 
introductiess van nieuwe HIV-stammen. Moleculaire technieken spelen binnen de 
epidemiologiee van HIV een toenemende rol; het geeft inzicht in de verspreiding, de 
oorsprongg en het moment van introductie van HIV stammen onder bevolkingsgroepen. 
Genetischee variatie zoals we die vinden tussen subtypen, speelt ook een rol in de 
diagnostiekk van HIV en de ontwikkeling van een subtype-breed vaccin dat de wereldwijde 
epidemiee onder controle kan brengen. Tenslotte zijn de technieken van groot belang voor 
hett resistentieonderzoek, een volksgezondheidsprobleem dat toenemende aandacht 
vraagt.. De surveillance is van belang om vroegtijdig veranderingen in het vóórkomen van 
infectieziektenn te signaleren. Het genetisch typeren van verschillende stammen heeft 
geleidd tot een beter inzicht in de verspreiding van HIV, dat daardoor beter in kaart kan 
wordenn gebracht. 
Inn dit proefschrift laten we zien dat de HIV epidemie in Europa is opgebouwd uit een 
veelvoudd van regionale epidemieën, elk met eigen kenmerken en transmissiepatronen. 
Preventievee activiteiten die afgestemd zijn op deze gesignaleerde verschillen zullen het 
meestt effectief blijken te zijn om de verspreiding van HIV te bestrijden. 
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W ^^ Ŵ 5 WAltdC- Wek \mtk e/Wel W <tel*A d & V e 00U 
WeXX «evsi ^WAJ öiU-lopcvN, 1 \jood. cw\V %*u»/\ete. WMj : 
„„ £AA. -...IS lnc>b è^Uflt ^l^f7 ' W uJe^ wUv\AJ^A ^Uo«v\ W-

l ^ pp fyuc&i*vfc(jA^ a^WepMvtfto/J, ALI'/VI ctai/ï^ i/wee* Ŝ A|\«-
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ĝ êAA cvd^Zc^Wv ew f̂óiAAoAle.S. 

S/irèè CAWVC)'^ Uk k W e T WcU)te*v ^ 

o o 

00 &/\j(WeJl\WM WirtL ^ ^ 

139 9 



DANKWOORD D 

(VW>> UMAAV OMJUOS oo U t RlVm Wil* - e/WUtaL. uoo/" Imn 

J/^vvv ]5 Lat hM «l&  UMSW «UA °M ltój^ VAtW^W/ iVWui tM-

OoU.. touiV. 2f^A w\\W. iMWlf W vww/\4wec taV\^WuS<\evv!>kv\ . 

(evvv &&A  irw wk. ^ W \AA 102.) iaA w*** ^ ê  aot-ieflA*, atUi, 
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