
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Epidemiological trends of HIV-1 shown through phylogenetic trees

op de Coul, E.L.M.

Publication date
2001

Link to publication

Citation for published version (APA):
op de Coul, E. L. M. (2001). Epidemiological trends of HIV-1 shown through phylogenetic
trees. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/epidemiological-trends-of-hiv1-shown-through-phylogenetic-trees(8de6d6a2-2ad5-4cb4-a1f9-d382525a8bf0).html


Generall introduction 





GENERALL INTRODUCTION 
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1.11 Introduct ion 

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 Genetic variat ion 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 Geographic distribution of H I V - 1 group M subtypes 

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 Phylogenetic analysis as a research tool for epidemiology 

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 genetic var iat ion: implications for public health 

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 Molecular epidemiology of H I V - 1 in the Nether lands 

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 Outl ine of this thesis 

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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