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HIVV and AIDS 

Infectionn with HIV results in a progressing decline in the amount of CD4+ T-cells 

inn blood and a reduction in CD4+ T-cell function, which finally leads to a clinically 

apparentt immundeficiency. In the majority of infected individuals, HIV causes acquired 

immunodeficiencyy syndrome (AIDS) within 7-12 years.37;101 Disease progression due to 

HIV-infectionn is highly correlated to the steady-state viral RNA level in serum of the HIV 

infectedd individual at one year after infection. The higher level of HIV RNA is present after 

onee year, the faster AIDS becomes manifest.37;100;101;112;14S Consequently and 

consistently,, lowering the viral RNA levels by highly active anti-retroviral therapy 

(HAART)) leads to a rapid halt in disease progression and a recovery of CD4+ cells and 

immunity. . 

Inn the following chapters of this thesis, the focus will be on different aspects of 

measuringg the number of circulating viral particles. In this chapter, an introduction will 

bee given covering the more general aspects of an HIV infection, the natural course of 

infectionn and pathogenesis, as well as the effects of therapy intervention on plasma and 

serumm HIV-1 RNA levels as a reflection of virus production. In addition, the molecular 

toolss that were used for RNA detection and quantification will be explained. 

Thee structur e of HIV 

Humann immunodeficiency virus (HIV) is a member of the Lentiviridae and has the 

structuree of a typical retrovirus (Figure 1 A). The viral particle is surrounded by a 

bilayeredd lipid envelope, derived from the host cell membrane during the assembly-

buddingg process of the virus. The envelope contains viral transmembrane proteins (TM, 

gp41),, that are non-covalently linked on the inner side of the viral particle to the matrix 

proteinss (MA, pl7) and on the outside of the viral particle to the surface proteins (SU, 

gpl20).S7;1677 The gp41-gpl20 complex determines the affinity of the virus for specific 

hostt cell receptors. Within the enveloped viral particle, a core particle can be found, 

whichh is assembled of capsid protein (CA, p24). Inside the core particle, two single 

strandedd RNA genomic molecules can be found, each covered by approximately 1,400 

nucleocapsidd protein molecules (NC, p7).28 Besides this complex, the viral enzymes 

integraseintegrase (IN), protease (PRO) and reverse transcriptase (RT) are present in low 

numbers. . 

10 0 
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Figuree 1. A schematic representation of the structure of HIV-1 with its proteins and RNA molecules (A.) and the 

organisationn of the HIV-1 genome (B.) 

Thee structural proteins NCp7, CAp24, MApl7, and p6 as well as several other small 

proteinn fragments are encoded by the gag gene (figure 1 B)68 and are synthesized from a 

precursorr polyprotein that is cleaved by PRO.38 This PRO is generated by autocleavage 

fromm the gag-pol precursor protein, a fusion protein that is produced as a result of a 

frameshiftt within the gag-po/-coding region.38 PRO also cleaves the enzymes RT and IN 

fromm the gag-pol precursor protein. The env gene encodes the precursor gpl60 that is 

cleavedd into gpl20 and gp41 by the cellular protease furin.66 The gag, pol and env genes 

aree typical for retroviruses and can be found in all of them. Besides these genes, six open 

readingg frames can be found in the HIV genome, encoding the functional and accessory 

proteinss tat, rev, nef, vif, vpr, and vpu. Each retroviral genome is flanked by a typical 

sequence,, the long terminal repeat (LTR), which contains several promoter elements as 

welll as the sites for integration of the viral genome into the host genome.25 In figure 1 B, 

aa schematic overview is given of the genomic organization of HIV-1. 

HIVV epidemiolog y 

IntroductionIntroduction of HIV-1 into the human population 

Sincee the finding and description of HIV in the early 1980s,7;50;51;122 scientists 

havee put a tremendous effort in understanding the characteristics of the virus and the 
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differentt aspects of HIV infection. HIV can be divided into two main classes, HIV-1 and 

HIV-2.. HIV-1 can be found world wide, whereas HIV-2 is most prevalent in West-African 

countriess and some European countries, like Portugal.143 The way by which HIV has been 

introducedd into the human population has long been debated. HIV-2 is genetically very 

closee to a simian immunodeficiency virus strain (SIVsm), that is endemic in sooty 

mangabeyss (Cercocebus atys).16 It is believed that HIV-2 has entered the human 

populationn by zoonotic transmission from sooty mangabeys, infected with SIVsm, to 

humans.54;733 Although such a genetically close simian virus has not been found for HIV-1, 

theree are recent, strong indications that zoonotic transmission from a SIV variant found 

inn the chimpanzee Pan troglodytis troglodytis (SIVcpzUS), circulating in West equatorial 

Africa,, to humans introduced the virus to the human population.52 The phylogenetic 

relationshipp of these various described viral groups and strains is depicted in Figure 2. 
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Figuree 2. Phylogenetic tree of human and simian immunodeficiency viruses, derived from pol protein sequence 
comparisons.. SIVs have subscripts denoting their species of origin. Phylogenetic relationships were 
determinedd by the neighbor-joining method. The horizontal branch lengths are drawn to scale; vertical 
branchh lengths are for clarity only. The tree was midpoint-rooted using TREECON.158 

Ass will be explained in more detail later in this introduction, HIV-1 isolates can be 

dividedd into three groups, M (major), N (non-M, non-O), and O (outlier),89 of which the 

M-groupp encompasses more than 99% of all circulating strains. An additional sub-division 

intoo various genetic subtypes is made for group M isolates, which are named A through 

H,, and J and K.89 It is generally believed that all HIV-1 subtypes comprising the M-group 

havee evolved out of one common ancestor.52'65 Evolution within the new host in a 

'starburst'' radial fashion was likely the reason for the numerous viral lineages of HIV-1 

groupp M, being the subtypes A through H, and J and K. The epidemics of group N and O 

virusess most likely have been caused by separate transmission cases from chimpanzees 

too humans. Transmissions could have happened via several routes like biting during 
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huntingg or pet keeping, or via consumption of uncooked contaminated meat. The date of 

introductionn is very difficult to be estimated,60*5'90^80 The date that the common ancestor 

existedd can be calculated. This common ancestor identifies when this viral lineage began 

too diversify. The date of existence of the last common ancestor is still unclear, but seems 

too be between 1915 and 1940, roughly around 1930.90 There are three hypotheses that 

explainn a date of the transmission event and are in concordance with the date of the last 

commonn ancestor.72;90 The first hypothesis explains that the virus could was transmitted 

too humans much earlier than the date of the last common ancestor. In that case, for 

yearss this first HIV-1 isolate, or HIV-1-like isolate, has circulated in a small population 

beforee it started to spread to other human populations and began to diversify. This is the 

so-calledd Transmission Early Hypothesis. The second hypothesis is the Transmission 

Causess Epidemic Hypothesis, which describes that the virus was transmitted from 

chimpanzeess to humans around 1930 and immediately began to spread and diversify in 

thee human population. The third hypothesis is the Parallel Late Transmission Hypothesis. 

Thee theory behind this hypothesis is that multiple strains of SIV were transmitted from 

chimpanzeess to humans at about the same time in the 1940s and 1950s. The data and 

publicationss that appeared thus far support the Transmission Early Hypothesis best. 

Establishingg the date of emergence of HIVs is imperative to elucidating how transmission 

occurredd and to finding ways to prevent zoonotic transmission in the future, as well as to 

establishingg the reservoir of HIV viruses. 

Theree will be several factors underlying to the fact that AIDS did not became prevalent 

untill the 1970s, although its presence in human populations since at least 1930.65 

Initiallyy the spread of the virus appeared to be very slow. The epidemic took off at the 

endd of the 1960s. The spread of the virus coincided the end of colonial rule in Africa, 

severall civil wars, the introduction of widespread vaccination programs with deliberate or 

inadvertentt reuse of needles, the growth of large African cities, the sexual revolution, and 

increasedd travel by humans inside, to, and from Africa. Besides that, sociobehavioral 

factorss like social disruption, prostitution, and other not fully understood ones will have 

contributedd as well. In Europe and the USA, homosexual transmission has long been the 

majorr route of spread of HIV-1. Lately though, heterosexual transmission is becoming the 

mostt important in those areas as well, as it is in African, Asian, and South American 

countries.. And unfortunately, a large proportion of infections in non-industrialized 

countriess is still caused by contaminated hospital equipment and transfusions with 

contaminatedd blood. 
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TheThe global spread of HIV-1 

Sincee HIV-1 is more pathogenic and globally more widespread than HIV-2,116;123 

thee focus for basic and clinical research, as well as epidemiology has been mainly on HIV-

1.. The geographic designation of the various subtypes as indicated in Figure 3 reflects 

thee majority of circulating subtypes for that specific area. Differences in the presence of 

subtypess have been found for different geographic areas. In Africa, the main subtypes 

aree A, C, D, and G, in Asia the main subtypes are B and C and the Circulating 

Recombinantt Form (CRF) AE, in Latin-America the subtypes B and F are mainly observed, 

whilee in Europe and the USA subtype B is dominant. 

Epidemiologicall data about the HIV and AIDS epidemic are updated frequently by the 

Jointt United Nation Programme on HIV/AIDS, UNAIDS.155 Their last report from June 

20000 states that in 1999 about 5.4 million people have been newly infected with HIV, of 

whichh 620,000 were children younger than 15 years. The total estimated number of 

peoplee living with HIV/AIDS is 34.3 million, of which 1.3 million younger than 15 years. 

Aboutt 24.5 million (70%) of these infected people live in Sub-Saharan Africa, 5.6 million 

inn South- and South-East Asia (15%), and 1.3 million in Latin-America (5%). Last year, 

2.88 million people have died of AIDS, which brings that to an estimated total of 18.8 

millionn AIDS deaths since the beginning of the epidemic. At this moment 11 people get 

infectedd with HIV every minute. Development of effective vaccines, effective and 

affordablee drugs, fast and accurate diagnostics and good prevention campaigns are in 

greatt demand to halt the HIV epidemic. 

Figuree 3. The geographicc localization of the subtypes. Indicated are the major circulating subtypes for the 
specificc areas. 

% % 
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HIVV variatio n 

AnalysisAnalysis of genetic diversity 

Geneticc analysis of the HIV-1 genome from different isolates has revealed that it is 

veryy heterogeneous. HIV is a retrovirus, which means that its genome consists of RNA, 

andd prior to the integration of the genetic material as DNA into the host genome, a 

reversee transcription step is required in between. This reverse transcription of RNA into 

DNA,, is the step where the virus changes mostly, from a genetic point of view. 

Relationshipss between genes or complete genomes can be determined by phylogenetic 

analysis.. Phylogenetic analysis of HIV-1 isolates includes the calculation and generation 

off a distance matrix and a method to determine relations and hierarchy between the 

analyzedd isolates. Genetic distance is represented in a phylogenetic tree as a branch 

lengthh and is an estimate of how many mutational events actually occurred between two 

sequences.. The significance of the position of the branches is represented by the 

bootstrapp value, which gives information about the stability of the tree topology (the 

branchingg order), and helps assess whether the sequence data is adequate to validate 

thee topology. The bootstrap randomly resamples columns for a specified number of times 

fromm a sequence alignment and builds a new tree every time from this dataset. The 

bootstrapp value is a count or percentage of how often each branch was present in exactly 

thee same topology in all the resampled trees, so it gives an impression of how much the 

treee topology could change if, for example, you'd reconstruct it using a different gene. 

Basedd on genetic variation and relationship analysis of the different isolates, definitions 

havee been made to classify HIV viruses in subtypes. There are some guidelines for the 

definitionn of a (new) subtype. Representative strains must be identified in at least three 

individualss with no direct epidemiological linkage. Three near full-length genomic 

sequencess are preferred, but two complete genomes in conjunction with partial 

sequencess of a third strain are sufficient to designate a new subtype. A new subtype 

shouldd be roughly equidistant from all previously characterized subtypes in all regions of 

thee genome with a distinct pre-subtype branch similar to those of other subtypes. Based 

onn these rules, one can determine the subtype of an unknown isolate by sequencing parts 

off or the complete genome and analyze it against a set of reference sequences. An 

examplee of a phylogenetic tree with the different subtypes is depicted in figure 4. 

Thee genetic variation at nucleotide level within one infected individual can be as high 

ass 3%,1S9;16  whereas the variation between two infected individuals with a closely related 

virus,, can be as high as 15%, both based on part of the env gene (the so-called V3-

region).. Viruses that are that closely related form together a subtype of HIV. Subtypes 

cann differ as much as 30% from each other at the nucleotide level.89 There are currently 

tenn subtypes defined, designated A trough H and J and K that comprise the major group 

MM of HIV-1. Besides the M-group, an outlier group O has been described in the early 
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1990'ss that can be divided in two subtypes, the ANT-70- and MVP1582-like subtypes, 

whichh are named after their representative strains.32;64;77 Recently a third group within 

thee HIV-1 family has been described, the non-M, non-0 group, named group N.142 
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Figuree 4. Phylogenetic relationship between the various groups of HIV-1 and the subtypes within the major 
groupp as calculated based on the gag gene sequences of the subtype reference set.89 

Withinn subtypes, new strains are continuously being generated due to the error-prone 

aspectt of HIV replication, but also genetic recombination increases the amount of new 

HIVV variants.124;131;133 Genetic recombination is the exchange of parts of the viral 

genomess from two strains of either the same or two different subtypes, with a new viral 

variantt as result. More than 10% of the sequenced isolates all over the world have a 

mosaicc genome. Recently, a proposal for the nomenclature of the HIV-1 isolates has been 
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publishedd for the different HIV-1 subtypes and groups, based on the definition of 

subtypess as explained earlier.132 Some of the recombinant variants, the so-called 

Circulatingg Recombinant Forms (CRFs), can spread in the human population with a 

significantt presence, and have been classified and recognized for the first t ime within this 

proposal.. Examples of significant CRFs are the AE, and AG (IbNG-like) viruses. Besides 

intrasubtypee and intersubtype recombination, intergroup recombination between the Inl-

andd O-groups has recently been described as well.148 To complete the picture, there are 

strongg indications that the group N viruses arose from inter-species recombination 

betweenn simian and human immunodeficiency viruses. The phylogenetic relation between 

thee different groups of HIV-1 viruses is depicted in figure 4. Figure 5 A and B show the 

resultss of a phylogenetic analysis of a set of sequences of the gag, and the env genes. 

Thee formation of subtype clusters is evident. Note the difference in clustering as a result 

off recombination for e.g. the boxed sequences and the CRF AE viruses that are subtype A 

inn gag and a separate cluster in env. 
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Figuree 5. Phylogenetic trees of HIV-1 sequence subtypes, derived from nucleotide sequence comparisons of (A) 
completee gag and (B) complete env sequences (derived from http://igs-server.cnrs-
mrs.fr/anrs/phylogenetics/hiv_evolution// hivl_gag_env.html). Brackets on the right indicate the 
sequencee subtypes identified (A-H); subtype H has only been characterized from partial sequences in env 
(nott shown). CRF AE (indicated here as E) viruses cluster in subtype A in the gag phylogeny. The boxed 
virusess cluster in different subtypes in the two genomic regions. Phylogenetic relationships were 
determinedd by the neighbor-joining method. The numbers on nodes represent the percentage bootstrap 
sampless with which the cluster to the right is supported, only those values greater than 80% are shown. 
Thee trees were rooted using SIVcpz as an outgroup. 
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Recentt publications showed a very close phylogenetic relationship between SIVcpz 

strainss and HIV-1 group N sequences in env, but not in pol (see figure 2), supporting the 

hypothesiss that HIV-1 group N results from an inter-species recombination.21;52;142 

Besidess these genetic relationships, those human and simian viruses occupy a common 

geographicc area (Cameroon), which further supports the hypothesis of a zoonotic 

transmissionn followed by recombination. 

ImpactImpact of genetic diversity 

Thee natural genetic variation, as represented by the groups and subtypes of HIV-1 

att the nucleotide level, as well as the genetic variability within groups and subtypes have 

hamperedd the design and development of nucleic acid diagnostic assays that can detect 

andd quantify all the different HIV-1 isolates. As will be explained in more detail later in 

thiss chapter, nucleic acid diagnostic assays make use of primers and probes that 

hybridizee with parts of the HIV-1 genome. Hybridization only takes place upon 

complementarityy between genome and primers or probes. Genetic variation and 

variabilityy result in heterogeneity of the complete viral genome, with only small areas 

thatt are highly homologous. These regions are the common denotater for nucleic acid 

assayss in their ability to detect all HIV-1 isolates. Besides its consequences for 

diagnostics,, genetic variation also has a major influence on drug and vaccine 

development,, as will be explained in next paragraph. 

Mostt HIV vaccine strategies aim to induce both antibody-mediated (humoral) and 

cellularr immunity, which are thought to protect against incoming viruses and to fight 

virus-infectedd cells, respectively. The immune system recognizes HIV proteins or protein 

fragments.. Although many stretches of amino acids in the viral proteins have highly 

conservedd sequences and the majority of amino acids are common to all subtypes, 

subtypee variation and genetic variability is also present at this level and has its 

consequences.6;133 A protective immunological response to one viral strain, either humoral 

orr cellular, will not necessarily protect against any other, genetically different viral strain, 

butt there will definitively be cross-clade reactivity.13 Another consequence of genetic 

variationn and variability at amino acid level is to design drugs that will equally efficiently 

combatt every single virus from any subtype, as the target for the current anti-viral drugs 

aree the RT and protease proteins. The RT and protease proteins are very conserved 

amongg the HIV-1 isolates. Without drug selection, a pool of natural occurring viral 

isolatess exists, as has been explained before. Drug pressure leads to the selection of new 

resistantt variants that are not present naturally. Thereby, drug pressure contributes to 

andd increased genetic variability within the HIV-1 isolates. 
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Steadyy stat e level s of HIV RNA: natura l histor y and therap y 

NaturalNatural history 

Afterr infection with HIV, cells start producing viral particles up to as high as 107'8 

particless per ml serum. The initial high amount of produced viral particles coincides with 

aa rapid drop in CD4+ cells: the target cells for HIV (Figure 6). This phase is called the 

primaryy infection. 

Figuree 6. The natural course of an acute HIV infection, as depicted by viral RNA levels and amounts of CD4+ 
cells. . 

Thee events following on a primary infection differ between each individual. On 

averagee though, it is followed by a rapid drop in viral RNA levels that partially will be 

causedd by an upcoming immune response, either humoral or cellular, together with other 

(unknown)) factors. After about a year, the viral RNA level in serum has reached a steady 

statee level and is predictive for the progression to AIDS. 3 7 ; 1 0 0 ; 1 0 1 ; 1 1 2 ; 1 4 5 After a prolonged 

stablee period (steady state, non- or a-symptomatic period) the viral RNA level rises 

shortlyy before and during the progression to AIDS. 

Basedd on large cohort studies, HIV infected individuals can be stratified into four 

groupss based on their initial and steady state HIV RNA |e v e |s,7 9 ; 1 0 0 ; : 0 1 ; : 4 5 which are 

schematicallyy depicted in Figure 6. The first group of HIV-infected persons (~10%), that 

lackss the capacity to efficiently reduce the level of replicating virus after the primary 

infectionn usually progresses to AIDS within 5 years after infection and can be classified as 

rapidd progressors. The second group that develops AIDS between 5 and 10 years after 

infectionn are the so-called intermediate progressors, and are characterized by fairly 

reducedd levels of replicating virus for 5-10 years. The third group are the long-term 

asymptomatics,, which are able to substantially reduce the level of replicating virus for a 

prolongedd period (10-15 years) before progressing to AIDS. The fourth, remaining group 

off non-progressors (~2% or less) stays non-symptomatic for more than 15 years with 

continuouss low levels of replicating virus. The frequency and viral RNA patterns of each of 

thesee groups is schematically depicted in Figure 7. 
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Figuree 7. Viral RNA levels of the four different strata of HIV-1 infected individuals (see text for explanation). 

Inn agreement with conditions that can keep viral RNA levels low in naive untreated 

seropositivee individuals, interventions with antiretroviral drug combinations have a 

similarr effect: a reduced risk for progression to disease. The goal of antiretroviral therapy 

iss to get the viral RNA levels in any compartment down, keep them as low as possible 

andd thereby reduce the risk to disease progression as much as possible, as well as reduce 

thee risk of both horizontal and vertical transmission.56 '125 

TreatmentTreatment of HIV infected individuals 

HIV-managementt with antiretroviral drugs has thoroughly changed over the past 

feww years. It started in 1986 with the introduction of AZT.134 Therapy with AZT was able 

too reduce mortality somewhat in individuals with advanced HIV infection. The number of 

CD4++ cells in treated individuals increased, indicating that the immune system showed 

recovery.. AZT monotherapy did not provide lasting benefit in terms of immune 

restoration,, morbidity and mortality. Clinical resistance occurred, reflected in rising HIV 

RNAA levels, which later could be related to genetic resistance of the virus against AZT. 

AZTT and the compounds that became available later were initially almost exclusively used 
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ass monotherapy. As significant residual HIV replication went on during therapy, and due 

too the high error-prone nature of the HIV RT, this led too selection and outgrowth of drug 

resistantt viruses and virological failure within periods of a year.12 In the meantime, 

variouss clinical experiments showed that a combination of drugs from the than available 

threee different classes of anti-viral compounds was superior to mono- or dual-therapy 

withh nucleoside analogues in suppressing viral replication and in restoring CD4+ cell 

numberss and the immune system. These three different classes of anti retroviral 

compoundss are the nucleoside analogue RT inhibitors (NRTIs), non-nucieoside analogue 

RTT inhibitors (NNRTIs) and protease inhibitors (Pis). 

Despitee the high level of suppression of viral replication, residual replication of HIV 

goess on.47;48;118;140;179 Selection and outgrowth of drug resistant viruses fortunately is 

limitedd in HIV infected individuals whom (can) adhere to their therapy,18 despite the 

residuall replication. An increasing percentage of treated individuals though is not able to 

adheree to therapy because of severe side effects, like lipodystropy. This has caused an 

increasingg number of treatment problems, with drug resistance as a consequence. 

Recently,, less toxic regimens containing three NRTIs have been shown to be similarly 

effectivee to reduce viral RNA levels and restore the immune system as regimens that 

containn at least one pi,49*3-146 Continuous improvement of drug regimens and therapy 

schedules,, as well as availability is necessary to improve quality of life for those living 

withh HIV and AIDS. In addition, close monitoring of therapy with the goal of early 

differentiationn between responders and non-responders as well as early identification of 

failingg therapy is warranted to reach these objectives. 

Differen tt  target s fo r quantificatio n of HIV 

AA marker to measure effectiveness of therapy, is the number of viral particles that 

iss present in serum or plasma of HIV infected individuals. The earliest developed assays 

measuredd the amount of p24, one of the core proteins of the virus.59192 The amount of 

p244 is not always linearly correlated with the amount of viral particles because of two 

reasons.. Shedding of free p24 into the blood occurs as a result of over production of the 

free,, not particle-associated protein, which disturbs the correlation between the amount 

off p24 and the amount of viral particles. Besides that, circulating anti-p24 antibodies as 

resultt of host immune responses interfere with antigen capture assays, which use similar 

epitopess as those natural antibodies. In addition, the commercially available p24 assays 

havee a relative poor sensitivity, although some of the sensitivity problems seem to be 

possiblee to solve by using heat-denatured plasma and a signal-amplification boosted 

detectionn technology.97" All the phenomena were enough reasons though to attempt to 

developp assays that better reflect the amount of viral particles in the blood and that had 

ann increased sensitivity over the p24 assays. One of the aimed targets of such an assay 
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iss NCp7, the nucleocapsid protein, which covers the viral RNA in a constant ratio. Besides 

that,, it can hardly be found as a sole protein in serum and no antibodies are present that 

cann interfere with the assay. These features are excellent for the development of a fast 

andd accurate viral quantification assay. We developed several assays for the 

quantificationn of NCp7, unfortunately they all lacked the required sensitivity for use in 

vivo.vivo.28 28 

Besidess protein assays to quantify the amount of HIV particles, new technologies 

becamee available that increased sensitivity and specificity for HIV quantification: 

measuringg the amount of viral RNA molecules. The rationale of these assays is that an 

HIVV particle contains 2 genomic RNA molecules,79 so a direct relationship between the 

amountt of viral particles and RNA molecules is present. These most accurate and 

sensitive,, but also most expensive and time-consuming assays for quantification of viral 

particless make use of, either a nucleic acid amplification technology (polymerase chain 

reactionn [PCR] or nucleic acid sequence based amplification [NASBA]), or a signal 

amplificationn technology (branched DNA = bDNA). These different technologies will be 

explainedd in next paragraph. Quantification is performed by relative amplification of 

eitherr internal or external calibrators. An internal calibrator is competing within the same 

reactionn tube for primers and nucleotides with the wild-type RNA that has to be 

quantified.. In order to be able to quantify linearly, the amplification efficiency of the 

internall calibrator should be similar to that of the wild-type RNA molecules that need to 

bee quantified. The ratio between the amplification of the known amounts of calibrator 

versuss the unknown amounts of wild-type RNA is used to calculate the amount of wild-

typee molecules. When internal calibrators are used, one calibrator is sufficient for 

accuratee quantification, as we have shown for NASBA29 and others have shown for 

PCR.1066 If external calibrators are used, a standard curve should be amplified in the same 

runn as the samples that contain the to be quantified RNA. Quantification of the unknown 

samplee is performed by extrapolation of the results on the calibration curve. If an 

externall calibration is used, a system control should be added to the unknown samples to 

controll for amplification. A system control is designed to amplify only if no or hardly any 

wild-typee RNA is present. A system control is also used in qualitative assays, for control 

off the isolation, amplification and detection procedures. 
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Amplificatio nn and detectio n technologie s 

PolymerasePolymerase Chain Reaction (PCR) 

PCRR is the best-known amplification technique. It involves two oligonucleotide 

primerss that flank the DNA fragment to be amplified. Amplification is a cyclic event, 

whichh involves heat denaturation of the DNA, annealing of the primers to their 

complementaryy sequences, and extension of the annealed primers with DNA polymerase. 

Thee use of Taq, a thermostable DNA polymerase that was isolated from a 

hyperthermophilee bacteria (Thermus aquaticus) allows the reaction to be performed at 

highh temperatures (see Figure 8). 

PCRR amplification of RNA requires first the conversion of RNA into a complementary DNA 

copyy using the enzyme reverse transcriptase. This two-step procedure was facilitated by 

thee discovery of Tth, an enzyme isolated from Thermus aquaticus with both reverse 

transcriptasetranscriptase and DNA polymerase activity and is followed by regular PCR amplification of 

aa DNA template. 

Primer r 
annealin g g 

SS-DNA A 

DS-DNA A 

Figuree 8. Schematic representation of the PCR amplification principle. 

BranchedBranched DNA signal amplification assays (bDNA) 

Thee bDNA technique is based on amplification of the detection signal rather than 

thee target sequence itself. Single-stranded DNA or RNA is hybridized to an assortment of 

hybridd probes that contain, in addition to an HIV-1-specific sequence, a sequence 

complementaryy to either the capture probe or to the branched DNA molecule. In case of 

thee HIV-1 RNA assay, the array of probes consists of 32 detection probes and 10 capture 

probes,, all hybridizing to sequences in the pol gene of the HIV-1 genome. The RNA-probe 

23 3 



complexx is captured onto a solid phase followed by hybridization of branched DNA 

amplifierr molecules that mediate signal amplification. Enzyme-labeled probes are then 

boundd to the branched DNA molecules, and detection involves the addition of appropriate 

substratee (see Figure 9). 
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Figuree 9. Schematic representation of the bDNA signal amplification principle. 

NucleicNucleic Acid Sequence Based Amplification (NASBA) 

NASBAA is an isothermal amplification method, specifically developed to amplify 

anyy RNA target, e.g. HIV-1 genomic RNA molecules.63 The amplification process is 

schematicallyy depicted in Figure 10. The process starts with the binding of a specific 

primerr PI to the positive stranded HIV-1 viral RNA. The PI primer has a T7-promoter 

sequencee at its 5' end. This primer is elongated by the RNA-dependent DNA polymerase 

activityy of AMV-RT, one of the three enzymes involved in the NASBA amplification 

process,, whereby cDNA is synthesized. The internal RNase H activity of the RT degrades 

thee RNA of the RNA:cDNA hybrid. This degradation process is being enhanced by another 

enzymee in the process, RNase H. The result is negative stranded cDNA molecules, that 

aree the target for the second specific primer P2. This primer is elongated by the internal 

DNA-dependentt DNA polymerase activity of the RT, resulting in double stranded DNA 
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molecules,, with a double stranded T7-promoter sequence at the 3' end. This sequence is 

usedd by T7-RNA polymerase, the third enzyme in the NASBA process. This enzyme starts 

thee actual amplification, resulting in several hundreds of negative stranded RNA 

amplicons.. Each of these amplicons can serve as a target for the P2 primer again and 

startt the process from the beginning. The complete amplification process takes place at 

.. To quantify the viral RNA, a known amount of calibrator molecules can be added to 

thee reaction mixture. The calibrator molecules are than amplified using the same primers 

PII and P2. The ratio between amplified viral RNA molecules and the added calibrator 

moleculess makes it possible to assess the amount of viral RNA molecules. Another valid 

methodd of quantification is the addition of an external standard curve within each 

experiment,, as will be discussed in chapter 6. 
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Figuree 10. Schematic representation of the NASBA amplification process, adapted from Guatelli et al.63 

Ann encountered difficulty during the development and evaluation of nucleic acid 

amplificationn assays was that several subtypes of HIV could not or hardly be detected and 

quantified,, as has been extensively documented.1;23;29;39;58;110 This was due to genetic 

variationn as well as variability of the virus at nucleotide level, specifically of the amplified 

target.. Primers that were used in either PCR or NASBA amplification technology are 

relativelyy sensitive to primer mismatches. The bDNA assay, that amplifies the signal, did 

hardlyy encounter this problem. The 32 different probes along the pol gene that hybridize 

withh the RNA target are together less vulnerable for sequence variation. The differences 
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inn performance between the PCR and NASBA amplification technologies are summarized 

inn Table 1. RNA amplification assays that can detect and quantify all different strains and 

subtypess of HIV-1 need highly conserved genetic regions within the HIV genome. The 

developmentt of these RNA assays has encountered at least two problems. 

Thee first problem is that highly conserved regions are difficult to identify, because 

limitedd genetic information is available for some of the subtypes or for specific genomic 

regions.. We managed to find a region, the LTR, of the viral genomic RNA that is highly 

conservedd for all subtypes as well as for all groups. A detailed characterization of a series 

off isolates encompassing the different subtypes has ascertained the conserved nature of 

thee LTR-region (chapter 3, 4, 5, 6, and 8). 

Thee second problem for the viral RNA assays was the throughput. The demand for 

assayss and tests increased with increasing numbers of individuals whom required 

monitoring,, e.g. whom received therapy. As a consequence, the throughput of the RNA 

assayss in a set period of time had to be high as well. In this respect, protein assays are 

veryy fast but lack the required sensitivity, whereas RNA assays are very sensitive, but 

lackk the required throughput. Therefore, new high-throughput amplification and detection 

technologiess have been developed in the last few years. Because in next chapters NASBA 

iss used as main amplification technology, the different detection possibilities for NASBA 

aree described in next paragraph. 

Tablee 1. Some performance characteristics from the two amplification technologies, PCR and NASBA. 

Isothermall amplification 

Sensitivity y 

DNAA detection 

RNAA detection 

Highh Throughput (96 well) 

PCR R 

no o 

good d 

yes s 

no* * 

yes s 

NASBA A 

yes s 

good d 

noT T 

yes s 

yes s 

TT DNA detection is possible but still cumbersome protocol 
** RNA detection is possible by RT-PCR. 

Detectio nn technolog y combine d wit h NASBA amplificatio n 

Afterr or during NASBA amplification of target RNA, several detection technologies 

cann be applied. Until recently, the NASBA assays have used a detection system in which a 

rutheniumm labeled probe is hybridized to the amplicons, and photons are released after 
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excitationn of the label.9;86;163 Before quantification of the released photons, the NASBA 

ampliconss had to be immobilized to small electromagnetic beads via a biotin labeled 

probee in a specially designed detection device. For each wild-type viral RNA and 

calibratorr RNA, a separate detection tube with its specific detection step was required. 

Thee ratio between the released photons from the amplicons of both viral and calibrator 

RNAA was used to assess the amount of wild type viral RNA molecules present in the 

analyzedd sample.163 This method was applied for the assays as described in the chapters 

55 and 6. 

amplico nn RNA 
W W W » » 

Ligh t t 
Molecula rr  Beaco n 

Figuree 11. Schematic representation of a molecular beacon with its fluorophore (F) and its quencher (Q), 
beforee and after hybridisation to its target amplicon. 

Recently,, a real time detection system has been developed that can detect the 

ampliconss of either solely viral RNA or both viral RNA and calibrator molecules in the 

samee tube during the amplification process, depending on the content of the tube. This 

hass dramatically decreased the time between start of amplification until final result. Real-

timee detection is achieved by adding molecular beacons to the amplification reaction 

mixture.988 Molecular beacons are oligonucleotides with a stem-and-loop structure (Figure 

l l ) . 1 5 44 The stem structure brings the 5' and 3' ends of the oligonucleotides into close 

proximity.. The molecular beacons have been linked at the 5' end with a fluorescent label 

(fluorophore)) and at the 3' end with a quencher. A quencher is a molecule that absorbs 

thee energy of the photons that are released by the fluorophore after excitation, if it is in 

closee proximity of the fluorophore. The loop structure of the molecular beacon is able to 

hybridizee with the NASBA amplicons instantly upon synthesis, thereby unfolding the 

stem-and-loopp structure (Figure 8). After hybridization, the distance between the 
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fluorophoree and quencher increases because of linearization of the molecular beacon. 

Consequently,, fluorescence is emitted and can be measured since it is not quenched any 

longer.. The ratio between the released photons of the molecular beacon specific for the 

virall RNA amplicons and the ones specific for the calibrator amplicons, either as internal 

orr external calibration sample, is used to assess the amount of wild-type viral RNA 

moleculess in the analyzed sample. 

Scop ee of thi s thesi s 

Thiss thesis will focus mainly on the impact of subtypes in the fields of diagnostics, 

andd to a lesser extent in the fields of therapy and vaccine development. Our research and 

developmentt in HIV molecular diagnostics has led to several new quantification and 

detectionn assays. One of those assays has an HIV-1 protein (NC, p7) as target, (chapter 

2)) while the other assays are based on nucleic acid sequence based amplification of the 

LTRR or gag regions of the HIV-1 genome (chapters 4, 5, 6, and 7). The use of each assay 

iss discussed within the context of HIV-1 subtypes and groups and its specific rationale for 

development.. Besides assay development, we have studied in more detail differences 

betweenn the LTR and gag regions of the viral genome, in the light of recombination and 

specificc structures of the LTR (chapter 3 and 8). This study was a result of our search for 

thee most conserved regions within the viral genome in order to develop nucleic acid 

diagnosticss with wide subtype reactivity, as well as those regions in the genome for 

developmentt of assays with highly specific and controlled subtype reactivity. 

Inn the last chapter, the impact of the specific assays on molecular diagnostics will be 

discussed,, as well as the impact of subtypes and groups within this area. Besides that, I 

willl explain my opinion about the future and direction of clinical, molecular HIV-1 

diagnosticss (chapter 8). 
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CHAPTERR 2: 

DETECTIONN OF HIV-1 NUCLEOCAPSID PROTEIN P7 I N 

VITROO AN D I N VIVO 

M.P.. de Baar , K.H.M, van der Horn , 

J.. Goudsmit , A. de Ronde , 

andd F. de Wol f 

JournalJournal  of  Clinical  Microbiology  (1999), 37(l):63-67 



Wee developed and evaluated an immunoassay for the detection and quantification 

off HIV-1 nucleocapsid protein p7 using electrochemiluminescence (ECL) technology. The 

assayy had a dynamic range of 50-20,000 pg/ml and a lower detection limit equivalent to 

approximatelyy 106,5 HIV-1 RNA copies/ml in culture supernatant. 

InIn vitro kinetic replication studies showed that the amount of p7 correlated 

stronglyy with the amount of p24 (R2=0.869; p<0.0001) and viral RNA (R2=0.858; 

p=0.0009).. Based on p7 and RNA concentrations, we calculated the median p7:RNA ratio 

too be approximately 1,400 p7 molecules per RNA molecule. HIV-1 p7 could be detected 

andd quantified in culture supernatant of both group M subtype A-E viruses and group O 

viruses.. Presence of p7 in vivo was evaluated in 81 serum samples collected from 62 HIV-

11 infected individuals. Five samples were p7 positive, whereas 45 samples were HIV-1 

p244 positive. Four of the 5 p7 positive samples were p24 positive as well. P7 could only 

bee detected when serum HIV-1 RNA levels were higher than 106 copies/ml. Anti-p7 

antibodiess were found in 6 samples and all 6 were p7 negative. In contrast to the in vitro 

resultss it appeared that HIV-1 p7 could not be used as a marker for viral quantification in 

vivo,vivo, since more than 90% of the serum samples were p7 negative. In combination with 

thee low prevalence of anti-p7 antibodies this may, in turn, be advantageous: p7 may be a 

goodd alternative for p24 in the read-out of assays that determine neutralising activity 

againstt HIV-1 in serum or other fluids containing anti-p24 antibodies. 

Introductio n n 

Untill the mid-1990s, the HIV-1 p24 concentration in serum and other body fluids 

wass used as a marker for virus replication in wvo.2;3;61;93 Since 1995, HIV RNA levels in 

serumm or plasma have been used to monitor the infection in treated as well as untreated 

patients.37;69;79;80;85;100;101;1455 The advantage of RNA determination over p24 determination 

wass clear: there is a direct relationship between the number of virus particles and the 

amountt of viral RNA79 and RNA determination is not hampered by the host immune 

responsee as is p24.36;93 However, determination of RNA levels is expensive, time-

consumingg and needs specific laboratory facilities. For clinical monitoring and in HIV 

research,, in which viral cultures are monitored frequently, these disadvantages play a 

majorr role. We therefore decided to develop an immunoassay that, like p24 

determination,, could detect antigen levels in all subtypes of both group M and group O 

but,, unlike p24 determination would be less hampered by host antibodies. A highly 

conservedd protein for all subtypes of group M and group O is the nucleocapsid protein 

p789,, which is cleaved from the same precursor molecule (PrSS**) as p24.67;68 HIV-1 p7 is 

ann RNA-binding protein82'95 with a highly conserved structure containing two zinc-fingers. 
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Sincee p24 and p7 share the same precursor molecule, the molar ratio between the two 

proteinss theoretically is 1:1, whereas the mass ratio p24:p7 is approximately 3.5:1. 

Therefore,, the p24 and p7 numbers are directly correlated to each other.67;68 P7 is a 

considerablee smaller molecule than p2467;68 and thus less accessible to the binding of 

multiplee antibodies, so the detection limit for p7 is likely to be higher than for p24. Earlier 

wee have shown that approximately 65 percent of the sera of HIV-1 infected persons were 

positivee for antibodies to p24.36 In a study of 801 samples of sera positive in HIV-1 

antibody,, only some 10 percent were positive for antibodies to p7 (L.O. Arthur, personal 

communications).. This suggests that p7 might be a good candidate for an antigen-

capturee assay. In the present study we describe an ECL-based p7 immunoassay and its 

evaluationn in HIV-1 cultures and clinical serum samples. 

Material ss  and Method s 

AntiseraAntisera and antigens 

Characteristicss of the antisera used in our experiments are summarised in Table 1. 

Totall IgG was purified from all sera and fluids (Immunopure (G) IgG Purification Kit, 

Pierce,, Rockford IL, USA) prior to labelling. Part of the purified IgGs were labelled with 

biotinn and part with ruthenium (Ru)-tris [l,l]bispyrimidyl according to the instructions of 

thee label manufacturer (IGEN International Inc., Gaithersburg MD, USA). 

Samples Samples 

Infectiouss subtype A-E virus stocks were collected by the UNAIDS Network for HIV 

Isolationn and Characterization.91 Expanded virus stocks were produced according to the 

previouslyy described protocol171 by inoculation of 4.0xl06 phytohemaglutinin-simulated 

donorr peripheral blood mononuclear cells with supernatant, rescued from the primary 

isolate.. After incubation and washing, cells were resuspended in culture media and 

incubatedd at 37EC for three days. The cultures were then split into two. After continued 

incubation,, cell-free supernatant was harvested at day 6-7 from one and at day 10-11 

fromm the other culture to determine which would yield the highest p24 values. 

Thee same protocol was performed on a biological clone (BC617) of which the 

culturee supernatant was used for determination of reproducibility of the HIV-1 p7 ECL-

immunoassay.. As a reference in the same experiments a virus stock (HXB3) was used.97 

Too test the reproducibility of the p7 assay, the ECL-signal ratios between the reference 

strainn and 3 other subtype B viruses were five times independently determined. 

Serumm samples collected from 62 HIV-1 positive participants in the Amsterdam 

cohortt studies on HIV infection and AIDS24 were used as well. 
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QuantitativeQuantitative HIV-1 p7 ECL-immunoassay 

Afterr testing of the various antisera and reaction conditions (see Result section) 

thee p7 ECL-immunoassay that was evaluated on culture supernatant and serum consisted 

off the following format: 50 ml of binding buffer (PBS, 2 percent NGS, 2 percent Tween-20 

andd 100 mM NaCI) containing 4 mg/ml biotin-labelled g#1098 antibody and 5 mg/ml Ru-

labelledd g#1113 antibody was added to 25 ml sample. The mixture was diluted 10 times 

inn PBS, 2 percent NGS and 0.5 percent NP-40 and heat-inactivated for 30 minutes at 56 

ECC to inactivate infectious HIV particles. After 30 minutes of incubation at room 

temperature,, 25 ml of a 10 mg/25 ml suspension of streptavidin coated M-280 

Dynabeadss (Dynal, Oslo, Norway) in bead diluent (Igen International Inc., Gaithersburg 

MD,, USA) was added and incubated for another 15 minutes at room temperature, while 

gentlee shaking. After addition of 200 ml assay buffer (IGEN International Inc.), the 

sampless were analysed in the ORIGEN analyser (IGEN International Inc.). 

Anti-HIV-1Anti-HIV-1 p7 immunoassay 

Microtiterplatess were coated with 100 ml per well of 100 ng/ml recombinant p7 in 

PBSS (Gibco BRL). After overnight coating, the wells were blocked for 1 hour at 37 EC with 

1500 ml PBS, 3 percent BSA (Boehringer Mannheim, Mannheim, Germany), and 0.1 

percentt Tween-20 (Merck, Darmstadt, Germany). 100 ml of 1:100 in blocking buffer 

dilutedd serum samples were added in the wells and incubated for 2 hrs at 37 EC. After 3 

timess extensively washing with PBS and 0.1 percent Tween-20, each well was incubated 

forr 1 hour at 37 EC with 100 ml 1:5,000 in blocking buffer diluted HRP conjugated goat 

anti-humann IgG (Gibco BRL). 100 ml substrate (OPD, Abbott Laboratories) was added 

afterr 5 times extensive washing and the reaction was stopped after 10 minutes 

incubationn at room temperature with 50 ml 0.5 M H2S04. The optical density was read at 

450450 nm, Positive were these samples which had an optical density of the mean of 21 

blankk samples plus 2 times the standard deviation. 

QuantitativeQuantitative HIV-1 p24 assays 

HIV-11 p24 antigen concentration was measured in cell culture supernatant and 

humann sera, using a commercially available immunoassay (Abbott Laboratories, Abbott 

Park,, IL, USA) and an in-house assay. The in-house assay, described by Moore et al.,105 

wass optimised on HIV-1 subtype B in order to achieve results comparable to the 

commerciall assay. 
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Tablee 1. Characteristic s of all antiser a used . 

Namee (reference ) * 

g#900,, g#923, 
g#969,, g#989, 

g#1098,, g#1113 

R-D-20750 0 

R-D-25974 4 

R-DJ-31677 7 

R-DJ-37544 4 

R195 5 

R196 6 

HH3149 9 

5B7E33 and 4D1 

Species s 

goat t 

rabbi t t 

rabbi t t 

rabbi t t 

rabbi t t 

rabbi t t 

rabbi t t 

mous e e 

mous e e 

Monoclona ll  or 
Polyclona l l 

polyclona l l 

polyclona l l 

polyclona l l 

polyclona l l 

polyclona l l 

polyclona l l 

polyclona l l 

monoclona l l 

monoclona l l 

Antige nn used (reference ) 

recombinan tt  p7 

syntheti cc  p7 

HPLC-purifie dd vira l p7 fro m HIV-1 MN strain 68 

HPLC-purifie dd vira l p7 fro m HIV-1 MN strain , 
refolde dd in presenc e of zinc 68 

HPLC-purifie dd vira l p7 fro m HIV-1 MN strain , 
refolde dd in presenc e of zinc 68 

syntheti cc  p733 

syntheti cc  p7 withou t the 2 zinc-fingers 34 

syntheti cc  p733 

HPLC-purifie dd vira l p7 fro m HIV-1 MN strain 68 

** All antiser a were kindl y provide d by Dr. L.O. Arthu r (NCI-Frederic k Cancer Researc h and Developmen t Centre , 

Frederic kk MD, USA), excep t for R195, R196 and HH3 whic h were a gif t of Dr. J.-L . Darli x (Laboratoir e de 

Virologi ee Humaine , Ecole Normal e Superieur e de Lyon , Lyon , France) . 

QualitativeQualitative anti-HIV-1 p24 assay 

Anti-p244 responses were measured using a commercially available assay 

(Wellcozymee HIV-1 anti-p24, Murex Diagnostics Ltd., Great Britain). 

QuantitativeQuantitative HIV-1 RNA assay 

Forr determination of the HIV-1 viral RNA concentration of viral isolates in cell 

culturee supernatant and sera, we used the commercially available HIV-1 NucliSens assay 

(Organonn Teknika, Boxtel, The Netherlands) as instructed by the manufacturer. 

StatisticalStatistical analysis 

Correlationn analyses were performed with SigmaStat for Windows Version 1.0 

(Jandell Corporation, San Rafael CA, USA) 
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Result s s 

DevelopmentDevelopment of a HIV-1 p7 ECL-immunoassay 

Thee IgG anti-p7 fractions labelled with biotin and Ru-tag were tested in all 

combinationss at a starting concentration of 2 mg/ml each (25 ml) to detect p7 as 

sensitivelyy as possible. Combinations were further tested with respect to 

concentrations,, incubation time and temperature, the antiserum dilution buffer, and 

thee sample dilution buffer. PBS and citrate buffers containing different concentrations 

off normal goat serum (NGS), detergents (Tween-20, NP-40, Triton X-100, BRIJ-58, 

Ipegall CA-630, SDS), and NaCI were tested to achieve optimal conditions. The 

preferredd antiserum diluent turned out to be PBS, 2 percent NGS, 2 percent Tween-

20,, and 100 mM NaCI in combination with sample diluent containing PBS, 2 percent 

NGSS and 0.5 percent NP-40. The antiserum diluent was optimal for the best 

antiserumm combination, which was biotinylated g#1098 and Ru-tag labelled g#1113. 

Thee culture supernatant samples had to be diluted at least ten-fold, most likely due 

too biotin in the cell culture medium, since biotin can react with streptavidin and 

disturbb the later steps of the assay. Infectious HIV particles in the diluted samples 

weree heat inactivated for 30 minutes at 56 EC, whereafter 50 ml of 4 mg/ml g#1098 

andd 5 mg/ml g#1113 dissolved in antiserum diluent was added. After 30 minutes 

incubationn at room temperature, streptavidin-coated magnetic beads were added and 

incubatedd before the samples were analysed. The dynamic range of the assay with 

regardd to these antisera was between 50 and 20,000 pg/ml p7 using recombinant p7 

inn 90 percent sample diluent and 10 percent cell culture medium. 

Tablee 2 . Ratios of ECL-counts comparing HXB3 with other viral strains. 

Viruss stock exp.1 exp.2 exp.3 exp.4 exp.5 mean / SD 

HXB33 1.00 1.00 1.00 1.00 1.00 

BC6177 - 0.84 0.79 0.73 0.78 0.78/0.05 

BR211 0.82 - 0.77 0.90 1.04 0.88/0.12 

TH144 1.05 0.97 1.00 1.13 1.26 1.08/0.12 

ReproducibilityReproducibility of the HIV-1 p7 ECL-immunoassay on viral cultures 

Thee absolute ECL-counts for HXB3 ranged between 42,203 and 56,158. The 

ratioss between the reference strain and the other viruses were calculated, as ratios 

wouldd be used for quantification. If the assay was reproducible, the ratios had to be 
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constant.. As shown in Table 2, the reproducibility of the p7 assay was high, with 

standardd deviations between 0.05 and 0.12. 
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Figuree 1. HIV-1 p24 ( • ) and p7 (#) 
concentrationss in two viral cultures (A and 
B).. (LDL = lower detection limit, p = 
passagee of cultures) 

Figuree 2. HIV-1 RNA levels ( • ) and p7 ( • ) 
concentrationss in two viral cultures at five 
differentt time points (A and B). (LDL = 
lowerr detection limit) 

HIV-1HIV-1 p7 vs p24 and RNA in subtype B culture 

Thee amount of HIV-1 p7, p24 and HIV-1 RNA was quantified in two parallel 

culturess of HIV-1 subtype B viruses.35 For comparison of the p7 and p24 

concentrations,, we took samples at 8 time points after infection and results (Figure 1 

AA + B) showed that amounts of p7 and p24 parallelled each other closely in time. 
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Thee p7 and p24 levels of all the samples together showed a correlation coefficient 

off 0.869 (p<0.0001). Theoretically, the mass ratio between p24 and p7 is 

approximatelyy 3.5:1, since the molar ratio is 1:1 and since both proteins are formed 

outt of one precursor molecule, Pr55fla9. The mass ratios found at most sampling 

pointss approached this 3.5:1. 

Iff most of the p7 and p24 measured is bound to the viral particle than 

consequentlyy p7 and p24 levels would also correlate with viral RNA level in the 

culturee supernatant. The viral RNA level in 5 of the 8 samples was measured, and the 

logioo p7 concentration (pg/ml) was plotted against the logio viral RNA level 

(copies/ml)) (Figure 2 A + B). Taking all samples together, we found a correlation 

coefficientt between RNA level and p7 level of 0.858 (p=0.0009). To test the 

sensitivityy of the p7 ECL-assay in comparison with the viral RNA level, a culture 

samplee was drawn just before passaging. From a 10-fold serial dilution series of this 

sample,, it appeared that p7 could be detected when RNA levels were >1065 

copies/ml. . 

Thee ratio of p7 molecules per RNA molecule was calculated from the 

concentrationn of p7 and the RNA levels. For all 7 samples in which both p7 and viral 

RNAA could be detected, the median was approximately 1,400 molecules of p7 per 

RNAA molecule, with a range of approximately 1,000-5,250 molecules of p7 per RNA 

moleculee or 12-60 pg/106 molecules RNA (molecular mass of p7 is approximately 

6,8500 g/mol). 

HIV-1HIV-1 p7 in various viral cultures of different subtypes 

Finally,, a collection of 21 viral isolates comprising HIV-1 subtypes A-E of the 

M-group911 and 6 viral isolates of the HIV-1 O-group31 was analysed and p7 could be 

detectedd in all culture supernatants. 

TheThe HIV-1 p7 ECL-immunoassay on clinical serum samples 

Eighty-onee human sera taken from 62 HIV-1 infected and non-treated 

individualss were analysed for p24, anti-p24, p7 and anti-p7 responses, as well as 

RNAA levels. Of these samples, 45 (56 percent) were positive for p24 and 46 (57 

percent)) reacted positively in the anti-p24 assay. Of all samples, 6 reacted positively 

inn the anti-HIV-1 p7 EUSA, suggesting that in approximately 7 percent a possible 

interferencee of anti-p7 antibodies in a p7 detection assay is to be expected. In 5 

otherr samples (6 percent), p7 could be detected (Table 3A). All 5 samples were anti-

p77 negative. Four of the five p7 positive samples were positive for p24 and negative 
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forr anti-p24. The remaining p7-positive sample was positive for anti-p24 and 

negativee for p24 (Table 3B), as were 5 of the 6 anti-p7 positive serum samples. The 

HIV-11 RNA levels in the 5 p7 positive serum samples were high, ranging from 106041 

too 10 8 " 1 copies/ml (Table 3B), corresponding with the lower detection limit of the p7 

assayy in viral cultures . 

Tablee 3. Anti-p24 , p24, anti-p 7 and p7 sero-statu s of 81 human sera (A.) and of the 5 p7-positiv e sera 

(46)+ + 
anti-p244 Ab 

( 3 5 ) --

(6)) + 
anti-p77 Ab 

( 7 5 ) --

(5)) + 
p7Ag g 

( 7 6 ) --

p244 Ag 

(45) ) 
+ + 

11 1 

34 4 

2 2 

43 3 

4 4 

41 1 

(36) ) 

35 5 

1 1 

4 4 

32 2 

1 1 
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p7Ag g 

(5) ) 
+ + 

1 1 

4 4 

0 0 

5 5 

(76) ) 

45 5 

31 1 

6 6 

70 0 

anti-p77 Ab 

(6)) (75) 
+ + 

55 41 

11 34 

B. . 

p77 positive 
serumm id. no. 

R9600215 5 

R9600383 3 

R9609726 6 

R9708740 0 

R9710811 1 

anti-p7 7 

--

--

--

--

--

p24 4 

+ + 

+ + 

--

+ + 

+ + 

anti-p24 4 

--

--

+ + 

--

--

RNAA level 
(log100 copies/ml) 

8.991 1 

8.000 0 

6.084 4 

6.041 1 

7.114 4 
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Discussio n n 

Ann immunoassay based on etectrochemiluminescence (ECL) technology was 

developedd to detect the HIV-1 nucleocapsid gag-protein, p7. This p7 assay was a 

capturee assay using two antisera directed against p7, one labelled with biotin and the 

otherr with ruthenium-trispyrimidin. The anti body-corn plexed antigen was detected by 

usingg streptavidin beads in an ECL-system.86 

Evaluationn of the p7 ECL-assay showed that it could detect and quantify p7 in 

viruss cultures of various subtypes and also, but less so, in HIV-1 positive sera. The 

amountss of p7 measured in two parallel virus cultures correlated well with the 

amountss of p24, as could be expected, since both proteins are cleaved from the same 

p555 gag-precursor.67;68 Furthermore, viral RNA production correlated well with p7 

production,, suggesting that in these cultures most of the p7 (and p24) was in viral 

particles.. Theoretically, since p7 has a binding region of 7 nucleotides of RNA176, 

approximatelyy 1,300 molecules of p7 per RNA molecule are present if the whole 

genomee is covered with P7.94'176 We calculated a ratio of approximately 1,400 

moleculess of p7 per RNA molecule, which corresponds well with the theoretical figure. 

Thee correlation between p7, p24, and RNA indicated that the p7 assay is well able to 

monitorr viral infections in culture. 

Wee could detect p7 in culture supernatant of both M and O group HIV-1 

isolates,, which is in accordance with the conserved nature of the protein.89 The in-

housee p24 assay10S did not detect p24 in group O isolates, whereas the commercially 

availablee assay did. This confirms that p7 is highly conserved among the HIV-1 

subtypes. . 

Wee were not able to show the clinical utility of p7 as a possible marker for 

virall replication in vivo, since p7 could be measured in only a few sera. In culture 

supernatant,, p7 was detected only when the HIV-1 RNA level was higher than 106,5 

copiess per ml. The RNA levels in the p7-positive sera were higher than 106 copies per 

ml.. Since mean viral RNA levels in sera is approximately 103 to 105 copies per 

m|37;69;79;80;85;ioo;ioi;i4ss t h e c u r r e n t format of the assay has limited clinical utility. As 

wass shown in this study, antibody reactivity to p7 was limited. Antibodies to p7 could 

onlyy be detected in 7 percent of the samples, in accordance with previous studies 

(L.O.. Arthur, personal communications). Nevertheless, p7 appeared to be 

immunogenic,, as we have observed that after immunization of mice, rabbits or 

goats,, an immune response to p7 is developed (though in the presence of an 

adjuvant).. Therefore, the limited immune response in vivo in humans may be the 

resultt of the high particle-associated nature of p7,67;68 keeping it shielded from the 
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immunee system. 

Inn summary, we developed an ECL-based p7 immuno-assay with a dynamic 

rangee of 50-20,000 pg/ml p7. It was well suited to compete with p24 assays in 

standardd viral infection, independent which HIV-1 subtype is cultured. Compared to 

standardd EUSA-based assays to detect p24 antigen, the p7 assay was faster. Its 

lowerr detection limit is higher than in a standard p24 immunoassay, but this was a 

negligiblee disadvantage when assaying the production of viral antigens in tissue 

cultures.. A p7 assay may be of use in neutralisation studies, where antisera are 

testedd for their ability to prevent HIV-1 from infecting cells. Currently, these studies 

aree performed by adding serum to cell cultures that are exposed to HIV-1. Viral 

productionn is then measured by p24 production, and cultures must be washed 

extensivelyy after incubation with virus and serum to remove antibodies against p24, 

whichh interfere with the assay. Since little or no p7 or antibody response to p7 is 

detectablee in serum, the p7 assay would eliminate the washing step, and p7 

producedd by the cells in culture could be measured directly in culture supernatant. 

Thee omission of the washing step would most probably improve the reproducibility of 

thee neutralisation assays. Therefore, in addition to monitoring HIV-1 replication in 

virall cultures, the p7 assay described may be a good alternative for the p24 assay as 

thee read-out system of neutralising activity of serum antibodies. 
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Wee studied sequence differences in regulatory elements of the long terminal 

repeatt (LTR) and primer binding site (PBS) among various human immunodeficiency 

viruss type 1 (HIV-1) subtypes. Phylogenetic sequence analysis of a fragment of 729 

basee pairs (bp) covering the gag-coding region for half of p24 and all of pl7 revealed 

thee gag-subtype of all 60 viruses included in the study: A (n=20), B (n=12), C 

(n=7),, D (n=10), E (n=3), F (n=4), G (n=3), and H (n=l) . The subtype was also 

determinedd by analysis of a 689 bp fragment comprising the LTR and the PBS motif. 

Comparisonn of the LTR versus gag sequences showed a mosaic genome for seven 

isolates.. After analysis of all sequences, we could describe subtype-specific 

differencess in sequences encompassing the regulatory elements of the LTR and the 

PBSS motif. 

Sincee subtype-specific distinction based on the HIV-1 long terminal repeat 

(LTR)) sequence is possible,53'104 there might also be differences in subtype-specific 

regulationn of viral replication, which occurs in the LTR. The LTR of the proviral 

double-strandedd DNA HIV genome is subdivided into three large domains, designated 

U3,, R and U5. The U3-region comprises the 5* part of the LTR in the proviral HIV-1 

DNAA genome and overlaps the nef gene in the HIV-1 RNA genome. U3 contains most 

off the important c/s-acting elements like the NF-AT, TCF-la, NF-kB, and SP1 sites. 

Virall or cellular proteins recognise these sites and thereby regulate several steps in 

thee viral replication cycle. The R-U5-regron contains elements like the TAR hairpin 

andd the polyA hairpin. Besides the c/s-acting protein-bind ing sites, other elements 

insidee and just downstream of the LTR are important for integration and reverse 

transcription,, whereas the primer binding site (PBS), located just downstream of U5 

inn the untranslated leader sequence, is of importance for initiation of reverse 

transcriptionn by binding of the tRNAlys'3 primer. 

Thee c/s-acting elements in the enhancer of the LTR and the various motifs of 

thee core promoter, as well as the PBS have been studied in detail for HIV-1 subtype 

B,, but only few studies have focused on the other HIV-1 subtypes.5*104 In this study, 

wee have addressed the subtype-specific sequence differences in various regulatory 

elementss in the HIV-1 LTR and the PBS, and confirmed with a large set of sequences 

thatt subtype clusters can be distinguished based on the LTR. Sequences of the gag 

geness and the 5' LTRs were obtained using a previously described protocol.29 To 

obtainn sequences from the 3' LTRs, we isolated HIV-1 viral RNA from serum of 57 

individualss and 3 subtype F0*3 viruses (kindly provided by Brigitta Asjö, 
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Figuree 1. Phylogenetic analysis of the gag sequences by the neighbor-joining method. Distance matrices 
weree generated by Kimura's two parameter model. The subtype assignment was confirmed by 
publishedd reference sequences (in italics) for each subtype. (AN=Angola, BR=Brasil, CB=Caribbean, 
CU=Curasao,, DA=Dutch Antilles, ET=Ethiopia, GH=Ghana, CM=Cameroon, KE=Kenya, LB=Liberia, 
MA=Morocco,, MZ=Mozambique, NG=Nigeria, UG=Uganda, RO=Romania, Ru=Russia, RW=Rwanda, 
SE=Senegal,, SU=Surinam, TN=Tanzania, TH=Thailand, ZR=Zaire, ZM=Zambia). Bootstraps are 
indicatedd at nodes of subtypes and subgroups. 
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Figuree 2. Phylogenetic analysis of the LTR sequences. For sequence names, see figure 1. 
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Centree for Research in Virology, University of Bergen, Bergen, Norway) using a silica-

basedd method.10 Reverse transcriptase reactions and first PCR reactions were 

performedd as described before,29 but using the primers 3' R-M (5' 

ACTYAGGCAGCTTTATTGAG)) (HIVHXB2CG [Genbank accession no. K03455] 

nucleotidess [nt] 9630 to 9609) and 5' U3-M (CAGGTACCTTTAAGACCAATGAC) (nt 

90133 to 9035). The nested 3' LTR product was amplified with the primers 5' T7-U3-M 

(5'' taatecgactcactatagggTTTTTAAAAGAAAAGGGGGGAC) (nt 9064 to 9085) and 3' 

SP6-R-MM (5' arttaggtgacactafagATTGAGGCTTAAGCAGTGGGTT) (nt 9614 to 9593). 

Thee presence of amplified PCR products was verified on 1% agarose gels stained with 

ethidiumm bromide. For sequence reactions, fluorescence-labelled SP6 and T7 primers 

weree used in combination with the Dyenamic ET primer direct cycle sequencing kit 

(Amershamm Life Science). The sequence products were analysed on an automatic 

sequencerr (Applied Biosystems DNA sequencer model 373A stretch). A sequence was 

generatedd that comprised the entire LTR and a small part of the gag leader, by 

assemblingg the 3' LTR and 5' LTR sequences by their overlapping 6 nucleotides. The 

distancee matrix was generated by Kimura's two-parameter model88 and used for the 

phylogeneticc analysis of the sequences by the neighbor-joining method of the 

TREECONN program.1S8 Analysis of the gag-gene sequences of 60 HIV-1 isolates 

showedd that our panel of sequences represented subtypes A through H (Figure 1). 

Phylogeneticc analysis of the LTR revealed that LTR sequences and gag sequences 

formedformed similar clusters (Figure 2). We assigned subtypes to those clusters of LTR 

sequencess for which no complete reference sequence was available (subtypes A, F, 

G,, and H) similar to the gag subtypes, while the other subtypes were assigned by 

theirr similarity to the complete reference sequences which are indicated in italics in 

bothh figures. Three viruses, of which two clustered together, could not be classified 

basedd on their LTR sequences (Ul and U2 clusters). Seven viruses (12%) showed a 

mosaicc between LTR and gag sequences (indicated in bold in Figure 1 and 2). This 

numberr corresponds to what has been estimated as the amount of mosaics observed 

betweenn env and gag sequences.133 The IBNG-like subgroup showed a subtype A and 

GG mosaic: gag sequences clustered in subtype A, while LTR sequences clustered in 

subtypesubtype G. Subtype E sequences formed a distinct cluster on LTR, close to subtype 

GLTRR sequences, while forming a subgroup of subtype A on gag, as reported 

before.14;22;533 Interestingly, our virus with the subtype H0"9 sequence (93ZR95), had 

aa distinct LTR sequence that did not cluster with the only partially determined 

referencee subtype H sequence (90CR056). It could be that isolate 
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93ZR955 is a recombinant between subtype H and other unknown subtypes, or that 

thee reference sequence was too short to contain enough sequence information. 

Therefore,, our distinct LTR sequence may be the first complete subtype H LTR 

sequencee to be described. 

Wee calculated that the three main regions of the LTR, the U3, R and U5 

region,, differed in nucleotide diversity (data not shown). The upstream part of U3, 

whichh overlaps the coding region of the nef-gene, allowed the most sequence 

diversity,, but only if the nucleotide mutations were synonymous at the amino-acid 

level.. This region also contained the well conserved NF-AT sites, the TCF-loc and the 

NF-KBB sites (Figure 3). Subtype B, D and F viruses gained a second CTG motif 

downstreamm of the TCF-la site and subtype C viruses exhibit a third NF-KB site, an 

additionn shown to increase promoter activity compared to other subtypes.104 The loss 

off a NF-KB site combined with the gain of a GABP site was specific for subtype E and 

hass been observed before.166 

Anotherr important motif in transcription regulation is the TATA (-28 bp) box. 

Thee TATA box is flanked by highly conserved E-boxes, which show subtype-specific 

changess for subtype G and E viruses. For subtype E viruses, a changed (T -> A 

transition)) TATA (-28 bp) box together with a nucleotide deletion in the bulge of the 

TARR hairpin has been described.103 We found viruses of subtypes A and D which had 

aa regular TATA (-28 bp) box but also a nucleotide deletion in the bulge of the TAR 

hairpinn motif. The U2LTR viruses had no TATA (-28 bp) box and a three nucleotide 

bulgee in the TAR hairpin motif. Besides that, the U1LTR viruses had no TATA (-28 bp) 

boxx and had also a two-nucleotide bulge in the TAR hairpin motif. We have observed 

thatt all possible combinations between the presence or absence of either a TATA (-28 

bp)) box or a nucleotide deletion in the TAR hairpin motif can occur. A reported 

connectionn between the distinctive two-nucleotide bulge in the TAR hairpin and the 

presencee of a subtype A pol region is subject to further research.53 

AA duplication of the 3' part of the PBS stem-loop structure was observed 

withinn the sequences of IBNG-like, E, G, and Ul viruses (Figure 3). Additionally, in 

thee IBNG-like viruses, we found a deletion in the first of these two fragments. The 

importancee of both the duplication and the deletion are unknown, as no data are 

availablee to address their influence on the folding and the function of the PBS region. 

Inn this study we have analysed the subtype-specific sequence differences in the LTR 

andd PBS, which have been summarized in Figure 3. The functional relevance and 

significancee of the observed differences between subtype-specific LTR and PBS 

sequencess remains to be established. 
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Currentlyy available human immunodeficiency virus type 1 (HIV-1) RNA quantification 

assayss can detect most viruses of the group M subtypes, but a substantial number is 

missedd or not quantified reliably. Viruses of HIV-1 group O can not be detected by 

anyy commercially available assay. We developed and evaluated a quantitative assay 

basedd on nucleic acid sequence based amplification (NASBA) technology with primers 

andd probes located in the conserved long terminal repeat (LTR) region of the HIV-1 

genome.. In 68 of 72 serum samples from individuals infected with HIV-1 subtypes A 

too H of group M, viruses could be detected and quantified. In serum samples from 

twoo patients infected with HIV-1 group O viruses, these viruses could be detected 

andd quantified as well. In contrast, the currently used gag-based assay 

underestimatedd the presence of subtype A viruses and could not detect subtype G 

andd group O viruses. The discrepancy between the two assays may be explained by 

thee number of mismatches in probe and primer regions within and between subtype 

isolates. . 

Thesee data indicate that LTR-based assays, including the NASBA format 

chosenn here, are better suited to monitoring HIV-1 therapy than gag-based assays in 

ann era in which multiple HIV-1 subtypes and groups are spreading world-wide. 

Introductio n n 

Thee HIV-1 RNA level in plasma or serum has become one of the most 

importantt markers for monitoring HIV-1 infected patients. Other than HIV-1 DNA, it 

iss the only evidence for mother-to-child transmission, since maternal antibodies 

presentt in infant serum hamper antibody-screening assays. The HIV-1 RNA level is 

thee most valuable marker to predict disease progression in nontreated 

patients37;79;100;101;1455 and is highly useful to evaluate anti retroviral drug 

therapy.8:;113;1699 The decision to start antiretroviral drug therapy is currently made on 

thee basis of the viral RNA level.13S Patients with an HIV-1 RNA level of less than 

10,0000 copies per ml generally do not progress to AIDS during the following five 

years.101'1455 Highly active antiretroviral therapy, consisting of a combination of three 

drugs,, results in a decline of the viral RNA level of approximately 99%.U7 It's goal, 

forr optima] delay of disease, is to decrease the viral RNA level until it cannot be 

detectedd by RNA quantification assays. 

Althoughh HIV-1 subtype B has been the predominant cause of AIDS in Europe 

andd the USA, other HIV-1 subtypes are now taking over, particularly the subtypes A 

andd C. As these different clades of HIV-1 spread rapidly around the world, the need is 
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increasingg for assays that can reliably quantify the viral RNA level in the plasma, 

serumm or culture supernatant of all known subtypes: group M, A to H, and group O. 

Commerciallyy available RNA quantification assays are based on the 

amplificationn of a fragment of the gag-gene of the HIV-1 genome (e.g. NucliSens 

HIV-11 QT assay, Organon Teknika, Boxtel, The Netherlands, or Amplicor vl .5 HIV 

Monitorr Test, Roche Diagnostics, Basel, Switzerland)87;106;108;162;163 or on the direct 

detectionn of HIV-1 RNA by hybridization with labeled probes (e.g. Quantiplex HIV 3.0 

assay,, Chiron Diagnostics, Emeryville, Calif.).ll5;152;156;172 The NucliSens and Amplicor 

assayss were developed using reagents derived from HIV-1 subtype B, but they can 

detectt most group M viruses. The Quantiplex assay uses 45 target probes designed 

too hybridize with all known HIV-1 group M viruses and is thus more likely to detect 

andd quantify genetically divergent HIV-1 subtypes than the other two assays.23'58'110 

Itt has been reported that there is no difference in general performance, like 

sensitivity,, accuracy and reproducibility among the three assays23'43'130;138;164;16S even 

thoughh some viruses not detectable by one assay, have been detected by another 

assay.. 1;39;11  None of the assays can detect HIV-1 group O viruses.l7;58;99;129 The 

sensitivityy of both the Quantiplex and the NucliSens assays, if an ultrasensitive 

protocoll is applied, is currently 50 copies RNA per ml plasma or serum,19'170 with an 

inputt of 1,000 or 200 ul, respectively. The Amplicor assay has a variable sensitivity, 

withh detection of RNA copies per ml plasma ranging generally from 30 to 60 in an 

ultrasensitivee protocol with an input of 500 ul. 

Wee developed and evaluated a new, broad-clade HIV-1 RNA quantification 

assayy based on NASBA technology. The evaluation was performed using plasma or 

serumm samples that represented all group M subtypes and group O viruses. We show 

thatt the number of mismatches in sequences of primers and probes was the major 

determinantt of accuracy in the detection and quantification of HIV-1 RNA. 

Material ss  and Method s 

Three-calibratorThree-calibrator gag-based NASBA and one-calibrator LTR-based NASBA 

Thee three-calibrator gag-based NASBA is a commercially available assay 

(NucliSenss HIV-1 QT assay, Organon Teknika). The assay was performed following 

instructionss of the manufacturer. 

Fourr regions with a highly conserved sequence, which were found in the 5'-

endd of the genomic RNA (LTR-region) after screening of the known HIV-1 genomes,89 

weree used to develop an LTR-based NASBA. The assay was based on the standard 

NASBAA technology163 but used one internal calibrator (Q) molecule instead of three, 
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ass in the gag-based assay.87;162; l63 A fragment of approximately 135 bases of 

antisensee RNA was amplified and detected with two primers and two probes. 

Calibratorr molecules were added to a 200 ul plasma or serum sample and RNA was 

isolatedd using a silica-based method.10 Five of the 50 ul isolated viral and calibrator 

RNAA was used in the NASBA reaction, using a 5' sense primer 

(5'CTCMTAAAGCTTGCCTTGA)) (HIVHXB2CG [GenBank accession no. K03455] 

nucleotidess [nt ] 508 to 523) and a 3' antisense primer elongated with a T7 sequence 

(inn italics) (5'aattctaatacgactcactatagggagagGGGCGCCACTGCTAGAGA) (nt 643 to 

628)) to amplify the LTR fragment. After 1.5 h incubation at 41EC, 5 (JI of the reaction 

mixx was diluted 31 times in detection diluent (Organon Teknika). From the diluted 

sample,, 5 ul was added to either a mixture of ruthenium tag-labeled wild type 

detectionn (5'AATGTGTGCCCGTCTGTT) (nt 555 to 572) and biotin labeled capture 

(5'TCTGGTAACTAGAGATCCCTC)) (nt 580 to 600) probes or to a mixture of Q 

detectionn and identical capture probes. The detection probes were labeled to be 

detectedd by electrochemiluminescence.9 The number of wild type RNA copies per ml 

serumm was calculated by the ratio between the wild type signal and the Q signal. 

Serumm samples in which no viral RNA could be detected were reanalysed using an 

ultrasensitivee protocol.170 

Ultra-sensitiveUltra-sensitive protocol for NASBA 

Ann ultra-sensitive protocol for NASBA had been developed (UltraSens 

protocol),1700 which improved the sensitivity for both the gag-based and the LTR-

basedd NASBAs to 50 copies/ml. Briefly, the remaining of the eluted nucleic acids 

remainingg from the isolation procedure described in the previous section were taken 

offf of the silica beads. The noneluted nucleic acids, still attached to the silica beads, 

weree eluted again in 70 ul elution buffer (Organon Teknika) and pooled with the 

previouslyy eluted nucleic acids. The nucleic acids were precipitated using Pellet Paint 

(Novagen,, Madison, WI) and ethanol. After washing of the pellet, the nucleic acids 

weree again amplified and detected following the standard NASBA amplification and 

ECLL detection procedure. 

Samples Samples 

Seventy-twoo serum samples taken from individuals suspected or known to be 

infectedd with a non-B HIV-1 subtype were selected from the outpatient clinic of the 

Academicc Medical Center, Amsterdam, the Netherlands. Most of these individuals 

weree non-European and non-US immigrants to the Netherlands, who probably were 
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infectedd in their home country, or were individuals known or suspected to be infected 

withh an HIV-1 strain of non-European and non-US origin. They had been identified by 

aa thorough epidemiological investigation that is part of routine evaluation of every 

newlyy diagnosed HIV case at the outpatient clinic of the Academic Medical Center. In 

addition,, four serum samples from two individuals infected with HIV-1 group O virus 

(ANT700 and partner32), taken before and during antiretroviral therapy, were the kind 

giftt of G. Van der Groen and W. Janssens (Institute for Tropical Medicine, Antwerp, 

Belgium).. Sequence analysis was performed on the gag sequence of all samples to 

assignn the viral subtypes. 

Too obtain supernatant of subtype A to G viral cultures, infectious virus stocks 

weree collected and prepared by the UNAIDS Network for HIV Isolation and 

Characterization.911 Expanded virus stocks were produced171 by the inoculation of 4.0 

xx 106 phytohemagglutinin-stimulated donor peripheral blood mononuclear cells with 

supernatantt from cultures of the primary isolate. After incubation and washing, cells 

weree resuspended in culture medium and incubated at . Cell-free supernatant 

wass harvested after 10-11 days. 

PCR PCR 

Nucleicc acids were isolated from 200 pi serum by a silica-based method.10 

Afterr washing and elution from the silica with 100 pi of sterile water, 10 pi of the 

eluatee was used in a reverse transcription reaction using avian myeloblastosis virus 

reversereverse transcriptase. For amplification of the gag gene, we used the antisense 

primerss 3' SK39 (5' GCATTCTGGACATAAGACAAGGACCAAA) (nt 1658 to 1631). For 

amplificationn of the 5' LTR, we used 3' L-GagUniM2 (5' 

GCACCCATCTCTCTCCTTCTAGCCTCCGC)) (nt 797 to 759). After incubation for 45 min 

att , a PCR mixture was added containing the sense primers 5' Gag-1 

(GCGAGAGCGTCAGTATTAAGC)) (nt 796 to 816) for the gag gene and 5' L-R1-M2 (5' 

GGTCTCTCTTGTTRGACCAGATYTGAGCC)) (nt 455 to 484) for the 5' LTR, PCR buffer, 

deoxynudeosidee triphosphates, 2.5 mM MgCI2 for the gag gene and 5 mM MgCb for 

thee 5' LTR, and 2 U of Taq polymerase. After incubation for 5 min at , the 

reactionn mixture was subjected to 35 cycles of amplification (1 min , 1 min 

,, 2 min . Nested PCRs with 25 cycles of amplification were performed 

beforee direct sequencing. The nested gag gene product was amplified with the 

primerss 5' Gag-2-SP6 sense (5' arttaggtgacactatapGGGAAAAATTCGGTTAAGGCC) (nt 

8366 to 857) and 3' Gag AE3-T7 antisense (5' taatacgactcactataggg 

TAGGACCCTAATTTATTTTATCA)) (nt 1610 to 1588). The nested 5' LTR product was 
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amplifiedd with the primers 5' L-T7-R2M2 sense (5' taatacgactcactataggg 

GAGCCTGGGAGCTCTCTGGCTA)) (nt 479 to 500) and 3' L-GagM-SP6 antisense(5' 

atttaggtgacactatagatttaggtgacactatagAGCAAGCCGAGTCCTGCGTC)AGCAAGCCGAGTCCTGCGTC) (nt 707 to 688). The reaction 

conditionss for these PCRs were similar to those described for the first PCR but with a 

concentrationn of 4 mM MgCI2 instead of 5 mM for the nested 5' LTR PCR. The 

presencee of amplified PCR products was verified on 1 % agarose gels stained with 

ethidiumm bromide. 

DNADNA sequencing 

Bothh strands of the nested PCR fragments were directly sequenced using the 

SP66 and T7 primer sequences. Sequencing was performed with Taq dye primers 

(Appliedd Biosystems, Foster City, Calif.) and the Thermo Sequenase fluorescence-

labelledd primer cycle-sequencing kit (Amersham International, Litle Chalfont, 

England).. The sequence products were analyzed on an automatic sequencer (Applied 

Biosystemss DNA sequencer model 373A stretch). 

Thee sequences were aligned manually. Phylogenetic analysis of the gag gene 

sequencess of all serum samples was performed by the neighbor-joining method of 

thee TREECON program.158 The distance matrix was generated by Kimura's two-

parameterr estimation.88 

StatisticalStatistical analysis 

Statisticall analysis was performed using the Pearson Product Moment Correlation 

proceduree as well as the paired t-test as implemented in the SigmaStat v l . 0 software 

packagee (Jandel Corporation, San Rafael, Calif.). 

Result s s 

ComparisonComparison of the quantitative performance of the gag- and LTR-based NASBAs on 

H1V-1H1V-1 subtype B RNA 

Thee gag-based NASBA, based on subtype B sequences, has already shown its 

abilityy to detect and quantify HIV-1 subtype B genomic RNA. 7 9 ; 1 6 1 - 1 6 3 ; 1 6 S ; 1 7 7 We tested 

whetherr the new LTR-based NASBA could equal its performance. The two assays 

weree compared on a panel consisting of dilution series of a well characterized 
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givenn log10 RNA copies/ml 

Figuree 1. Assessed viral RNA levels vs given viral RNA levels in serial dilutions of HIV-1 HXB397 in plasma 
ass determined with the LTR-based (F) and the gas-based NASBA (G). The results shown are the 
meann of at least three independently performed experiments. 

subtypee B standard (HXB3) in 0.2 ml human plasma.97 Analysis of the dilution series 

revealedd similar results for both assays (figure 1). The quantification of both assays 

wass linear and accurate over a range of 103 to 107 copies of genomic HIV RNA per ml 

whenn a sample volume of 0.2 ml was applied. Precision and accuracy of the LTR-

basedd NASBA were within 0.2 and 0.1 log i 0 , respectively, up to 250 copies of 

genomicc HIV RNA per input (0.2 ml). This result was determined on a group of 47 

humann plasma samples mixed with known amounts of HXB397 (data not shown). The 

analyticall sensitivity of the assay, in which amplification occurred in 50% of the 

reactions,, was approximately 10 genomic RNA copies per reaction. An input volume 

off 0.2 ml led to a sensitivity of 500 copies genomic HIV RNA per ml , as only one-

tenthh of the sample was used in a reaction. The sensitivity was improved to 50 copies 

genomicc RNA per ml when the UltraSens protocol was applied. 

LinearLinear quantification capacities of the LTR-based NASBA on various HIV-1 subtypes 

Thee linear quantification abilities of the LTR-based assay were determined by 

seriall dilutions of a viral culture supernatant for each subtype (A to G) of the HIV-1 

M-groupp and four of the HIV-1 O-group. The results of representative dilution series 

weree plotted in figure 2 A and 3 B for the HIV-1 M- and O-groups, respectively. For 

subtypess A to G of the HIV-1 M-group, a linear decrease of the assessed viral RNA 
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levelss was observed with increasing dilution, indicating that all subtypes were 

quantifiedd similarly. The variation in initial RNA levels was determined by differences 

inn RNA input. One representative experiment of three for each subtype was plotted 

(figuree 2). The slope of the linear decrease of the viral RNA levels was not as steep 

forr the group O viruses. This finding suggested that the efficiency of quantification 

wass less than for the group M viruses and was probably due to an increase of 

mismatchess in the capture probe. 

11 *—i 1 1 1-1 H 1 H 
1033 10" 105 106 101 102 103 

A.. di lution factor B. di lut ion factor 

Figuree 2. Assessed viral RNA levels vs dilution factor of supernatant from cultures of HIV-1 subtypes A-G 
off group M (A.), subtype A (A), subtype B (r ) , subtype C (B), subtype D (n), subtype E (]), subtype 
FF (E), subtype G (H), and four different HIV-1 group O viruses (B.). 

RNARNA quantification in serum samples from 72 individuals infected with HIV-1 group 

M,M, subtype A to H, and from two infected with HIV-1 group O (4 samples) 

Virall subtypes of the viruses were determined based on phylogenetic analysis 

off the sequences of the gag gene. The serum samples with a viral RNA level below 

thee detection limit of either the LTR- or the gag-based assay were reexamined using 

thee UltraSens protocol, with its lower detection limit of 50 copies/ml. The gag-based 

NASBAA was unable to detect virus in samples containing subtype G or HIV-1 group O 

viruses,, whereas the LTR-based assay could detect the viral RNA of all tested 

subtypess or groups. For subtype A viruses, viral RNA levels were significantly lower 

(PP < 0.0001) with assessment by the gag-based NASBA than by the LTR-based 

assay.. The RNA levels for subtype E viruses were lower for all samples together when 

determinedd by the gag-based assay, compared to the LTR-based assay, but not 
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significantlyy (P = 0.26). 

Too facilitate analysis, the subtyped samples were divided into in two groups. 

Thee first included subtypes B, C and D (figure 3 A), whereas the second group 

containedd the subtypes A, E and G (figure 3 B). For subtypes F and H, only one 

serumm sample for each was available, whereas from group 0, only four serum 

sampless from two patients were available. These six serum samples were therefore 

nott plotted in the diagrams. The correlation coefficient (r) between the gag-based 

andd LTR-based NASBA results for all sera together, including the not plotted, was 

0.522 (N = 76, P < 0.0001). For the group containing the subtypes B, C and D 

viruses,, a strong correlation could be found between the two assays (r = 0.87; P < 

0.0001),, but this correlation was not as strongly present for the group with subtype 

A,, E and G viruses (r = 0.29; P - 0.089). In total, sixteen viruses of various subtypes 

off the M-group (and the four O-group viruses) could not be detected by the gag-

basedd NASBA. Of these, five were subtype A, one was subtype C, one was subtype D, 

twoo were subtype E, six were subtype G, and the remaining one was the only 

subtypee H in our serum sample set. Thirteen of these sixteen serum samples (81%) 

weree categorized in the group containing A, E and G subtypes. 

Thee LTR-based NASBA was unable to detect viral RNA in four serum samples. 

Twoo of these, one subtype A and one subtype D, were negative for viral RNA by both 

assays.. The other two serum samples contained subtype B viruses, which could be 

detectedd by the gag-based NASBA only after applying the UltraSens protocol. This 

resultt could indicate that for a limited number of subtype B isolates the detection 

limitt of the gag-based NASBA is lower than for the LTR-based NASBA. Finally, one 

serumm sample (Fig. 3 B, pointed out by arrow) contained a subtype E virus and was 

positivee by both assays; however, it was positive in the LTR-based NASBA only after 

usingg the UltraSens protocol. 

AnalysisAnalysis of mismatches in primer and probe regions 

Too explain the discrepancies in assessed viral RNA levels between the two assays, we 

sequencedd the relevant LTR and gag regions and analyzed the number of mismatches 

forr the primers and the probes. For analysis, insertions and deletions present only in 

thee non-coding LTR region were counted as one mismatch. For all samples, the 

numberr of mismatches for the primers and probes, as relevant for the gag-based 

NASBAA (range 0-17, N = 71, mean 7.85, median 7), was significantly higher (P < 

0.0001)) than for the LTR-based NASBA (range 0-5, N = 64, mean 0.61, median 0). 

Thee mean and standard deviation of the viral RNA levels (logio copies per 
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Figuree 3. Scatter diagrams of logio RNA levels (copies/ml) as assessed by the LTR-based NASBA vs the 
logioo RNA levels (copies/ml) as assessed by the gag-based NASBA for HIV-1 subtypes B (A), C (r ) , 
andd D (B) (A.) and subtypes A (A), E (T), G (B) (B.). 

ml)) for all samples per subtype, as assessed by the LTR-based and the gag-based 

NASBAs,, were plotted in figure 4A. The mean and standard deviation of the 

mismatchess per subtype for the primers and probes of the LTR- and gag-based 

NASBAss were plotted in figure 4B. We found a significant, inverse correlation 

betweenn the mismatches and viral RNA levels for the gag-based NASBA (r = -0.78; P 

== 0.023), which was not present for the LTR-based NASBA. This finding implied that 

completee or partial assay failure was due to primer and probe mismatches. The 

mismatchess resulted in significantly lower or absent viral RNA levels for subtype A, G 

andd group 0 viruses when assessed by the gag-based assay. The difference in viral 

RNAA level in the previously described subtype E serum sample, as estimated by the 

twoo assays, was not explainable by the number of mismatches for primers and 

probess for each assay. 

DISCUSSION N 

Ass various subtypes of HIV-1 are rapidly spreading around the world, HIV-1 

RNAA quantification assays that can detect all known subtypes of HIV-1 group M and 

groupp O are required. We have developed a new NASBA based assay that uses the 

conservedd LTR region at the 5'-end of the genomic RNA. We have shown that the 

LTR-basedd assay is as good in standard subtype B quantification as the existing gag-
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basedd assay (NucliSens HIV-1 QT assay, Organon Teknika, Boxtel, The Netherlands). 

Thee lower detection limit was similar for both assays. By comparing dilution series of 

aa panel of group M subtype isolates from the UNAIDS collection, we have shown that 

thee LTR-based assay quantifies these viruses as efficiently as subtype B. In contrast, 

thee group O viruses were less efficiently quantified than group M viruses (i.e., the 

virall load was underestimated), probably due to mismatches in the capture probe. 

Adaptationn of the capture probe to a group O matching sequence would most likely 

resolvee this matter. By using serum samples in which the viral subtype was 

determinedd by phyiogenetic analysis of the gag-gene, we have shown that the two 

assayss are similar in the quantification of subtypes B to F of HIV-1 group M. 

However,, the LTR-based assay is better suited to quantify the subtypes A and G of 

groupp M and for the group O viruses, as well as for the only group M, subtype H, 

viruss in our serum sample set. The set also included some proven recombinant 

virusess (M. Cornelissen, manuscript in preparation), which were detected and 

quantifiedd by the LTR-based assay as well. 

Thee most important improvement in the LTR-based NASBA, compared to the 

gag-basedd NASBA, is its decreased number of mismatches for primers and probes. 

Wee found a strong inverse correlation (r = -0.78; P = 0.023) between calculated viral 

RNAA levels and the amount of mismatches for the gag-based NASBA. It can therefore 

bee concluded that for the subtypes A and G, as well as for group O viruses, the viral 

RNAA levels as assessed by the gag-based NASBA will be underestimated or absent. 

Forr these viruses, the viral RNA levels will be detected with more efficiency and 

accuracyy when assessed by the LTR-based NASBA. 

Itt has been reported that the three most widely used commercially available 

assays,, namely NucliSens HIV-1 RNA, Amplicor HIV-1 Monitor and Quantiplex HIV-1 

RNAA are similar in sensitivity, accuracy and reproducibility,23;43;130;138;164;165 but that 

thee Quantiplex HIV-1 RNA assay scores slightly better on quantification of certain 

subtypee isolates.23 Like the gag-based NucliSens assay, the gag-based Amplicor 

assayy underestimates or can not detect subtype G viruses.4;39 Neither the gag-based 

NASBA,, Amplicor nor Quantiplex assays were able to detect and quantify group O 

viruses,17;58;99;1299 but the LTR-based NASBA could. 
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AA new group of HIV-1 viruses, the N-group, was recently reported.142 This 

groupp is genetically different from the groups M and O. Using a published genomic 

sequencee (Genbank accession no. AJ006022) of a member (YBF30) of this group and 

analyzingg the number of mismatches, we could speculate whether this virus can be 

detectedd with either the gag-based or LTR based NASBA. Since 22 mismatches were 

presentt for the gag-based NASBA primers and probes and this number lies in 

betweenn that for subtype G and group O viruses, which are not detected, it is 

unlikelyy that the new group can be detected by the gag-based NASBA. Using the 

LTR-basedd NASBA however, only four mismatches were found. This is less than was 

foundd for group O viruses, so it seems likely that this assay can detect and quantify 

thee new group N viruses, provided that their LTR sequence resembles that of their 

representativee member, YBF30. 

Ourr LTR-based NASBA would be of use to test infants born of HIV-1 positive 

mothers.. These infants can not be diagnosed HIV-1 positive based on presence of 

antibodiess against HIV-1 antigens, because maternal HIV-1 antibodies are present in 

serumm of these infants. The presence of HIV-1 DNA or RNA must be detected directly 

inn cellular material or serum from the infant to make the diagnosis. Improvement of 

detectionn possibilities by changing the amplification region from gag to LTR will 

probablyy lead to improved diagnosis of infected infants, especially if the infants are 

infectedd with a subtype A, G or group O virus. An additional advantage of the 

ultrasensitivee NASBA format over the Quantiplex and the ultrasensitive Amplicor 

assayy format is the smaller serum volume (200 vs 1,000 vs 500 pi respectively) 

necessaryy to detect HIV-1 RNA with similar sensitivity. 

Anotherr application of the LTR-based NASBA could be the monitoring of 

patientss receiving antiviral therapy. Decreased efficiency and accuracy in assessment 

off the viral RNA levels could have implications for start of therapy, but especially for 

thee judgment of treatment failure or success. Often, the decision to start highly 

activee antiretroviral therapy is made on the basis of the viral RNA levels.97 If assay 

failuree leads to too-low estimation of viral RNA levels, such therapy could be delayed 

orr omitted, putting the infected individual at an increased risk to develop AIDS.100;101 

Iff the gag-based NASBA is used to monitor treatment of Individuals infected with 

groupp M, subtype A or G, or group O viruses, the viral RNA levels could be 

determinedd too early to be below lower detection limit, falsely indicating therapy 

success.. When drug resistance appears, the viral RNA level will slower rise above the 

lowerr detection limit, causing a later switch to a new drug regimen. 

61 1 



Inn summary, our LTR-based NASBA has improved capacities for quantification 

off the HIV-1 group M, subtype A, as well as for the detection and quantification of 

thee subtype G and group O viruses, when compared with the gag-based NASBA. This 

assayy is a major advancement in HIV diagnostics, affecting decision management for 

thee start and monitoring of therapy and the diagnosis of HIV-1 infected infant. 
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HIV-11 group O viruses were first recognized as a distinct subgroup of HIV-1 with the 

isolationn and characterization in 1990 of a virus (ANT70) from a woman (individual 

A)) and her spouse (individual B), both from Cameroon (De Leys et al., J. Virol. 

64;3:1207-1216).. During the 5-6 years before treatment, individual A remained 

asymptomatic,, with viral RNA levels between 2.5 and 2.8 log10 copies per ml, as 

measuredd by a newly developed group O-specific quantitative NASBA-based RNA 

assay.. Individual B developed mild clinical symptoms, with 3.1 to 3.6 logio copies 

virall RNA per ml. HIV-1 sequences obtained from both individuals showed pre-

treatmentt residues in protease that confer resistance to protease inhibitors in group 

MM viruses (101, 361 and 71V). 

Individuall A showed an initial response to AZT, but shortly after addition of ddC 

andd saquinavir, the RNA levels returned to baseline, while subsequent treatment of 

d4T,, 3TC, and indinavir reduced the RNA level below 50 copies per ml for the time of 

follow-up.. Individual B showed no response to AZT or ddC monotherapy, and change 

too d4T, 3TC, and indinavir had in contrast to individual A only a temporary effect. 

Whilee a multitude of mutations in HIV-1 group O reverse transcriptase (RT) and 

proteaseprotease appeared that are associated with drug resistance in group M viruses, the 

observedd T215N mutation in RT and the V15I and V22A mutations in protease have 

nott previously been described and may represent resistance-conferring mutations 

specificc to group O viruses. 

Thesee results indicate that treatment of HIV-1 group O-infected individuals with 

antiretrovirall drug regimens that include protease inhibitors might lead to rapid 

selectionn for resistance-conferring mutations. This probably results from pre-existing 

proteaseprotease residues contributing to reduced sensitivity of group O viruses to protease 

inhibitorss as is observed in vitro. 

Introductio n n 

Humann immunodeficiency virus type 1 (HIV-1) isolates have been classified 

intoo three groups: the major group (M), the outlier group (0), and the non-M, non-O, 

orr between M and O group (N). All groups are thought to have arisen from 

independentt zoonotic or animal-to-man transmissions.75'141 Worldwide, most 

infectionss have been caused by group M viruses, and consequently most information 

onn the course of infection has been gathered for this group. Most Information on drug 

efficacyy has been gathered for subtype B, the prevalent subtype in countries with 

accesss to antiretroviral drugs. In 1990, the first infection with a group O virus, the 
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ANT700 virus was described by De Leys et al.32 There are at least two separate 

clusterss of group O viruses, and ANT70 virus represents one, whereas the VAU and 

MVP51800 viruses represent the other.77 Although, a relatively small number of group 

OO infected Individuals has been followed, the natural history of the group O viruses 

doess not appear to differ substantially from that of group M viruses.107 

Wee have followed the course of ANT70 infection in the index case (individual 

A)) and her partner (individual B) since 1990. Both individuals have received antiviral 

therapyy since 1995. Data comparing the in vitro effects of antiviral drugs on the 

replicationn of group O versus group M viruses is scanty and mainly concerns non-

nucleosidee reverse transcriptase (RT) inhibitors, which do not inhibit group O 

viruses.41;42;1277 Nucleoside RT-inhibitors appear to be equally efficacious for both 

groupp M and O viruses,421126 but protease inhibitors seem to block replication of group 

OO viruses less efficiently in vitro than group M viruses.41;42;44 Only a single report has 

addressedd the treatment of individuals infected with group O viruses. It describes the 

usee of RT-inhibitors,126 and provides no formal documentation of antiviral drug 

efficacyy or failure because of the lack of a group O-specific RNA assay. Thus, no data 

weree available on the relationship between virological response to highly active 

antiretrovirall therapy (HAART) and resistance-associated mutations in the RT and 

proteaseprotease found in group O-infected individuals. To date, the effect of antiviral therapy 

inn such individuals has been examined primarily by the assessment of CD4+ T-cell 

countss and the approximation of HIV-1 group O RNA levels using a semi-quantitative 

RNAA assay that is able to detect group 0 virus infection.107 The CD4+ T-cell count is 

ann important marker,46;147 but due to wide fluctuation, it is insufficient to evaluate 

thee effect of antiviral therapy.74;128 Therefore, we developed a quantitative group O-

specificc viral RNA assay based on NASBA-technology, with primers and probes 

validatedd for the ANT70 sequence. Its target is a conserved sequence fragment in the 

longg terminal repeat (LTR) region of group O viruses. With this new assay, effects of 

therapyy on RNA levels were documented retrospectively in the two ANT70-infected 

individuals.. Since the protease and RT genes of group M and O viruses show 

substantiall sequence divergence,415127;157 resistance-conferring mutations may be 

selectedd differently between the two groups. Guided by viral RNA levels and CD4+ T-

celll counts in our two subjects, we determined the sequence of the protease and RT-

geness before start of therapy and again when drug failure became apparent. We 

reportt the finding of natural residues as well as antiviral drug-associated mutations 

inn the protease and RT-genes, both related to the virological failure to antiretroviral 

therapy. . 
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Material ss  and Method s 

TwoTwo HIV-1 group O infected individuals 

Thee Cameroonese woman (individual A) seroconverted in 1987 due to 

infectionn with the ANT70 virus; her male partner (individual B) was infected with a 

closelyy related virus.32 Before 1995, individual A remained asymptomatic, with CD4+ 

T-celll counts declining from 500 to 150 cells per ul. Individual B developed 

lymphadenopathy,, three episodes of furunculosis, and intertrigo, with CD4+ T-cell 

countss declining from 500 to 20-50 cells per pi.107 Serum samples were taken from 

bothh individuals just before start of therapy (day 1) and at intervals during 

treatment.. These samples were stored at -70 , along with serum samples from the 

periodd between seroconversion and start of therapy, until used for analysis of HIV-1 

RNAA levels. 

QuantitativeQuantitative group O-specific HIV-1 RNA assay 

AA quantitative HIV-1 RNA assay was developed using NA5BA technology,871161" 

i";i777 with amplification primers and detection probes located in the HIV-1 LTR.29 

Quantificationn of the wild-type target RNA is performed by adding an internal 

calibratorr before the isolation of the RNA. The calibrator consists of an in vitro 

synthesizedd HIV-1 RNA in which sequences corresponding to the amplification 

primerss are identical but sequences corresponding to the wild type detection probe 

aree scrambled to allow discrimination between calibrator and wild type. The ratio 

betweenn the calibrator and the wild-type RNA in the NASBA reaction determines the 

ratioo of signals during detection. This ratio is used for accurate determination of the 

numberr of wild-type RNA molecules per volume input. 

Forr optimal amplification of the target RNA, primers were designed to fit both 

groupp M and group O viruses. The primers we used were primer 1 (antisense) (T7-

GTTCGGGCGCCACTGCTAGA)) and primer 2 (sense) (CTCAATAAAGCTTGCCTTGA). 

Sequencee analysis has shown that these amplification primers fit 100% with group O 

sequences.299 For detection and quantification of the amplicons, detection and capture 

probess were designed. The capture probe is used for both wild-type RNA and the 

calibrator.. For this study, we designed a group O-specific wild-type (WT) capture 

probe,, fitted 100% for optimal capture of RNA of group O viruses, as well as a 

calibrator-specificc capture probe. The group O-specific WT capture probe 

(CCTGGTGTCTAGAGATCCCTC-biotin)) differed by three nucleotides (nt) from the 

calibrator-specificc capture probe (see bold type). The detection probes were attached 

too an electrochemiluminescent label9;86 (WT detection probe: TGTGTGCTCATCTGTT-
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label;; calibrator detection probe: GGTCTGATCGCTTGCGTT-label). The positions of 

primerss and probes in the LTR for both the universal and group O specific 

quantitativee assays are presented in Figure 1. 

LTRLTR  R-region 4—*  DS-region 

HXB22 :GGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGT 

ANT700 :C T G  C G .AG--- C T- A CA .  . 

grou pp M: 

grou pp O : 

Prime rr  2  detectio n prob e 

LTRLTR US-region « -

HXB22 :  GACTCTGGTAACTAGAGATCCCTCAGACCCTTTT.  AGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAAC 

ANT700 :  .-- C G T T-AC -  -AG-C-G-AGCA- A 

grou pp M: 

grou pp O :  C  G T 

captur ee prob e Prime r  1  +  T 7 

Figuree 1. Schematic representation of the location and sequence of amplification primers and the 
detectionn probes as used in a previously described universal HIV-1 RNA assay and as developed for 
thee group O-specific quantitative assay using NASBA amplification technology.29 

CD4-positiveCD4-positive lymphocyte cell count 

CD4++ cells were counted by standard flow cytometry using a FACSCAN flow 

cytometerr (Beckinson, San Jose, CA) and commercially available monoclonal 

antibodiess (Beckinson, San Jose, CA). 

PCRPCR and DNA sequencing 

Nucleicc acids of the viruses were isolated by a silica based method.10 After 

washingg and elution from the silica with 100 pi of sterile water, 10 pi of the eluate 

wass used in a reverse transcription reaction using avian myeloblastosis virus reverse 

transcriptasetranscriptase with 3' HALF RT-0 (5' AAATCCTTGCTTCTGAATATTAACCC) 

(correspondingg to reference sequence HIVHXB2 [Genbank accession no. K03455] nt 

35511 to 3526). After incubation for 45 min at , a PCR mixture was added 

containingg PCR buffer, deoxynucleoside triphosphates, 4.0 mM MgCI2/ and 2 U of Taq 

polymerase,polymerase, and the sense primer 5' PROT-0 (AAATACTGGCCTCCGGGGGGCACG) (nt 

20955 to 2118) for amplification of the protease (99 amino acids) and 5' part of the 
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reversereverse transcriptase (314 amino acids) genes. After incubation for 5 min at ; 

thee reaction mixture was subjected to 35 cycles of amplification (1 min , 1 min 

,, 2 min . Three nested PCRs, with overlapping sequences named A, B, and 

C,, were performed before direct sequencing, using the SP6 and T7 primer extension 

sequencess (see italics below). The nested products were amplified in 35 cycles with 

one-twentiethh of the first PCR-product, with the primers 5* SP6-PROT/OUT-0 sense 

(5'arffaggrgacactatagAGGCCAGGCAATTATGTGC)) (nt 2119 to 2137) and 3' PROT-O-

T77 anti-sense (5'taatacgactcactataggg 

TACTGGCACTGGGGCTATGGG)) (nt 2579 to 2559) for fragment A; 5' SP6-P66/OUT-0 

sensee (5'atttaggrgacactatagGGAACAGTATTGGTGGGACC) (nt 2469 to 2488) and 3' 

ENDD PROT-T7 anti-sense (5'taatacgacfcacfatagggAATATTGCTGGTGATCCTTTCCA) (nt 

30288 to 3007) for fragment B; and 5' SP6-P66-0 sense (5'atttaggtgacactatag 

GATACCAGTACAATGTCCTCC)) (nt 2977 to 2997) and 3' HALF RT-0-T7 antisense (3' 

taatacgactcactataggpTCAGGTTGATAGTATACCCCATG)) (nt 3514 to 3492) for fragment 

C.. The reaction conditions for these PCRs were the same as those described for the 

firstt PCR except for a concentration of 3 mM MgCI2 instead of 4 mM. The presence of 

amplifiedd PCR products was verified on 1 % agarose gels stained with ethidium 

bromide.. The nested PCR fragments were directly sequenced on both strands. 

Sequencingg was performed with the Thermo Sequenase fluorescence-labelled primer 

cycle-sequencingg kit (Amersham Nederland, Den Bosch, The Netherlands). The 

sequencee products were analyzed on an automatic sequencer (Applied Biosystems 

DNAA sequencer model 373A stretch). The sequences were manually aligned against 

thee HXB2 sequence (GenBank accession no. K03455). Phylogenetic analysis was 

performedd by the neighbor-joining method of the TREECON program."8 Besides the 

newlyy generated sequences, the analysis included published sequences of group O 

isolatess ANT70 (L20587), BCF01, BCF02, BCF03, BCF06, BCF07, BCF08, BCF11, 

BCF133 (Y14496 - Y14503), MVP5180 (L20571), and VAU (Y14504). The distance 

matrixx was generated by Kimura's two-parameter model.88 
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Figuree 2. Assessed viral RNA levels versus dilution factor of serial dilutions of HIV-1 ANT70 in plasma as 
determinedd with the HIV-1 group O RNA assay. The results shown are the means of three 
independentlyy performed experiments. 

Result s s 

QuantitativeQuantitative group O specific HIV-1 RNA assay 

AA quantitative HIV-1 RNA assay was developed specific for HIV-1 group O 

viruses,, using NASBA technology for amplification, with the long terminal repeat as 

amplificationn target.29 To accurately detect and quantify group O viruses, we 

designedd a new capture probe with 100% homology to the wild-type group O ANT70 

RNAA and used a capture probe with 100% homology to the calibrator RNA. The 

capturee probe made the assay group O-specific. The detection probe of the group M 

assayy was also used in the group O assay, because of its well-defined characteristics 

andd performance, although it contained two mismatches with the ANT70 sequence.29 

Thesee mismatches, however, did not influence the linear quantification of group O 

RNA,, as was found by testing clinical samples of individuals A and B (nn = 16) with 

bothh group M-specific and group O-specific detection probes (r = 0.962, R2 = 0.988, 

PP < 0.0001). The calibrator RNA could be used in both group O-specific and group M-

specificc RNA assays; it was calibrated against a well-characterized culture stock.29 

Thee assay was highly linear and accurate over a range of 103 to 107 copies RNA per 
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ml,, as determined by quantifying three times, independently, the RNA levels in serial 

dilutionss of an HIV-1 ANT70 culture stock (Figure 2). 
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Figuree 3. Assessed viral RNA levels ( f ) in serum and CD4+ T-cell counts ( ^ ) in blood during clinical follow 
upp of individual A (A.) and B (B.). Indicated are therapy regimens for each individual. Open triangles 
( ^ )) indicate sample points at which sequences were generated and analyzed. 

Thee accuracy of the assay was determined by the calibrator to be 0.1 logio per input 

volume.. The detection limit of the assay was 50 copies RNA per ml, with 200 ul 

serumm input, when all isolated RNA was used in the NASBA reaction.29 We used this 

HIV-11 group O-specific RNA assay for quantification of RNA levels in the serum of the 

individualss A and B ( A in Figure 3 A+B). 
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HIV-1HIV-1 RNA levels in the serum of two HIV-1 group O-infected individuals during 

therapy therapy 

HIV-11 RNA levels were determined retrospectively in serum samples of 

individualss A and B. Base-line RNA levels differed between them. Individual A had a 

stablee RNA level over 6 years, ranging between 2.5 logio and 2.8 logio RNA copies 

perr ml. After these 6 years, she started with anti-retroviral therapy in 1995. 

Individuall B had a RNA level between 3.1 logio and 3.6 logio RNA copies per ml over 

55 years. He started anti-retroviral therapy during the same period as his wife. 

Previously,, she showed or had shown no clinical symptoms, whereas he had shown 

lymphadenopathyy when diagnosed with HIV infection; he then had three episodes of 

furunculosiss and, just before the start of therapy, an episode of intertrigo. We have 

followedd these individuals since 1995: from 77 and 14 days before start of therapy 

forr A and B, respectively. For A, therapy consisted of zidovudine (AZT, a RT-inhibitor) 

forr 763 days, supplemented with zalcitabine (ddC, a RT-inhibitor) and saquinavir 

(SQV,, a protease inhibitor) from day 196 for 644 days. At day 840 of follow-up 

therapyy was completely changed to a combination of indinavir (IDV, a protease 

inhibitor),, stavudine and lamivudine (d4T and 3TC, both RT-inhibitors). Initially, the 

AZTT monotherapy was efficient, with RNA levels dropping below the detection level of 

thee HIV-1 group O-specific RNA assay (Figure 3A). After 396 days from the start of 

follow-up,, when ddC and SQV had already been added for 200 days, the RNA levels 

returnedd to baseline. The change of therapy to IDV, d4T, and 3TC was highly 

effective,, since RNA levels dropped below detection level and remained undetectable 

duringg follow-up. 

Individuall B had a therapy regimen different from A. Therapy was started with 

AZTT at day 14 after start of follow-up, for 78 days. Therapy was changed to ddC for 

4688 days, i.e. from day 104 to day 572 after follow-up. From day 518 to 1099 after 

startt of follow-up, overlapping with the last 54 days of ddC treatment, IDV was 

addedd for 581 days. From day 545 to 1200 after start of follow-up, d4T and 3TC were 

added,, both for 655 days until day 1200. The therapy with IDV, d4T, and 3TC 

resultedd in a transient drop in RNA levels from 4.1 logio to 2.2 logio copies per ml. By 

dayy 973, however, RNA levels had returned to a pre-therapy level of 4.2 logio copies 

perr ml. At day 1099 after start of follow-up, IDV was stopped and a combination of 

netfinavirr (NFV, a protease inhibitor) with d4T and 3TC was started. Both the 

treatmentt with IDV and the treatment with NFV were terminated because of severe 

side-effectss due to toxicity of the protease inhibitors. 
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CD4+CD4+ lymphocyte cell count of the HIV-1 group O-infected individuals 

Besidess RNA levels, the CD4+ lymphocyte counts of A and B were monitored as an 

indicationn for the effect of therapy. During the course of therapy, the CD4+ cell count of 

AA rose from 156 cells per pi at day 1 to 371 cells per pi at day 396 of follow-up (Figure 

3A).. By that time, her RNA levels had risen again, indicating that therapy was not 

completelyy successful. Subsequently, the CD4+ cell counts dropped to approximately 200 

andd after a change of the therapy to IDV, d4T, and 3TC increased again to 300-350 cells 

perr pi. 

Thee CD4+ cell count of individual B was low at the start of therapy, ranging from 

200 to 50 cells per pi until day 518 of follow-up (Figure 3B). From day 518, IDV, d4T and 

3TCC were added to the regimen and the CD4+ cell count increased to approximately 250 

cellss per pi, even though the RNA level increased also during the administration of 

combinationn therapy. 

SequenceSequence analysis of protease 

Thee nucleotide sequences of the protease and RT from the HIV-1 serum RNA of 

bothh individuals were determined at the indicated time-points during anti-retroviral 

therapyy (Bin Fig. 3A+B). The nucleotide sequences were translated into amino acid 

sequences,, which were compared to those of the reference HXB2 (Figure 4). Positions 

wheree amino acids changed during the course of therapy are indicated in Figure 4. 

Phylogeneticc analysis of the protease and RT fragments indicated that the viruses in 

individualss A and B showed inter- and intra-individual evolution, the former due possibly 

too treatment with different antiviral drugs (Figure 5). We observed that the study 

sequencess belonged genetically to group O, since they clustered with the reference 

sequences.. The sequences of individuals A and B clustered together with a bootstrap 

valuee of 100, showing that the infecting viruses were genetically closely related but still 

distinctt from each other, as indicated by the bootstrap value of 90 for individual B. 

Inn individual A at day 1 of follow-up (77 days before start of therapy), the wild-

typee virus population already contained the protease resistance associated residues 

reportedd for HIV-1 group M: 101 (for IDV)20, 361 (for RTV)136 and 71V (for IDV, and 

RTV)151.. During therapy with SQV, the amino acid changes observed in protease at day 

4622 were V15I, V22A, G48V, and K57R. Of these, only amino acid residue 48 has been 

associatedd with SQV resistance in vitro in group O viruses.44 The other residues have not 

beenn related to protease inhibitor resistance in either group M or group O viruses. The 

aminoo acid changes evolved within approximately 200 days after start of SQV. 

Thee viral amino acid sequences for the analyzed parts of protease at time-point 
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dayy 1 were identical for both individuals (Figure 4), except for amino acid position 14 

(A:Argininee versus B:Lysine). The nucleotide sequences differed slightly from each other, 

whichh introduced a phylogenetic distance (Figure 5). Because of the high similarity, the 

proteaseprotease resistance-associated residues 101, 361 and 71V present in A were present also 

inn HIV-1 isolates of individual B at day 1 of follow-up (14 days before start of therapy). At 

dayy 973 after follow-up, at the time of IDV treatment, we observed the mutations V15I, 

G48V,, and V82A. Residue 82A, but not 151 and 48V, has been associated with resistance 

againstt IDV in group M viruses.151 Additional amino acid changes in protease which 

occurredd after prolonged therapy with either a combinationn of IDV, d4T and 3TC (tested 

att day 973 from start of follow-up) or SQV, d4T and 3TC (tested at day 1200 from start 

off follow-up) were V22A, T34N, Q37P, and I54A. Of these, only residue 54 has been 

associatedd with resistance in group M viruses,20;l36 but it was reported as a valine (V) or 

leucinee (L) residue, instead of an alanine residue (A). 

SequenceSequence analysis of reverse transcriptase 

Forr individual A, the amino acid changes in RT during treatment with AZT were 

I50V,, K65R, T196A, and T215N, of which 65 and 215 reportedly confer resistance to RT 

inhibitors.. The position 215 has been associated with AZT resistance, but it was reported 

ass a tyrosine (Y) or phenylalanine (F) residue, instead of an asparagine residue (N),96 

Positionn 65 has been related to resistance against the nucleoside RT-inhibitors ddC and 

d d II 62;i78 0f wn jCh ddC was applied. 

Forr individual B, the observed amino acid change in RT during treatment was the 

K65RR mutation, which mutated back to a 65K residue between 128 to 401 days after 

terminationn of ddC treatment despite treatment with other RT-inhibitors (d4T and 3TC). 

Betweenn 428 and 655 days after start of d4T and 3TC treatment, the M184V mutation 

appeared;; in group M viruses this is an important 3TC resistance mutation150 with cross-

resistancee against ddC.55;137 

Discussio n n 

Onlyy one study has been performed on the efficacy of antiviral treatment with RT-

inhibitorss in persons infected with group O viruses,126 but the interpretation was 

hamperedd by the unavailability of group O-spedfic viral RNA assays. Therefore, we 

developedd a NASBA-based assay specifically to detect and quantify group O viruses by 

adaptingg a group M RNA-assay, that used a conserved region of the LTR for the location 

off primers and probes.29 The adaptation consisted of adjusting the sequence of the 

capturee probe to become O-specific and resulted in an assay that could quantify HIV-1 
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groupp O RNA levels over a range of at least 4 orders of magnitude between 103 and 107 

copiess per ml. Its detection limit was 50 copies of viral RNA per ml, making it comparable 

too several group M assays.19'29'45 The availability of this new group O-specific quantitative 

virall RNA assay allowed us to monitor two individuals infected with HIV-1 group O. 
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Figuree 5. Phylogenetic analysis of the determined nucleotide sequences of protease and reverse transcriptase 
(10177 nucleotides) combined from individual A and B at indicated time-points, together with published 
sequencess of ANT70 (Ace. no. L20587), BCF01, BCF02, BCF03, BCF06, BCF07, BCF08, BCF11, BCF13 
(Y144966 - Y14503), MVP5180 (L20571), VAU (Y14505), and HXB2 (K03455). 

Individuall A, infected with ANT70, and her partner were both followed before and 

duringg antiviral therapy. Before therapy, after 7 years of follow-up, the viral RNA levels in 

thee asymptomatic individual A were 2.5-2.8 logio copies RNA per ml, and CD4+ T-cell 

countss had decreased from 500 to 150 cells per pi.107 Individual B had 

lymphoadenopathy,, baseline viral RNA levels between 3.1 and 3.6 log10 copies per ml, 

andd a concomitant decline in CD4+ T-cell count from 500 to 20-50 per pi. The clinical 

stage,, the assessed viral RNA levels and CD4+ T-cell counts of both individuals were 

withinn the range of clinical parameters found in group M infected persons.46'101'135 The 

CD4++ T-cell rise in the presence of detectable HIV RNA during antiretroviral therapy has 

alsoo been observed in some cases of group M virus infections.84;174 These results indicate 

thatt group M and O viruses have a similar natural history. 

Antivirall therapy was started in 1995 with a regimen of monotherapy with 
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nucleosidee RT-inhibitors which nowadays would be considered as suboptimal. 

Nevertheless,, individual A responded to AZT-monotherapy with a transient decline in RNA 

levelss and a rise in CD4+ T-cell counts, showing that AZT can be effective in persons 

infectedd with HIV-1 group O. Individual B received only a short period of AZT-

monotherapyy followed by ddC. No response of RNA levels or CD4+ T-cell counts was 

noted,, indicating that neither AZT nor ddC monotherapy was effective. In this respect, 

individuall B appeared to resemble group M-infected individuals in whom the low efficacy 

off ddC monotherapy has been observed.11 

Whenn protease inhibitors became available for use in clinical trials, they were 

includedd in the treatment of individual A. Her response to the addition of SQV was a 

transientt rise in CD4+ T-cell counts without an apparent effect on viral RNA levels. 

However,, when AZT, ddC and SQV were completely replaced by a combination of d4T, 

3TC,, and IDV, the RNA levels declined to below detection level and CD4+ T-cell counts 

increasedd to 300 cells per pi, indicating successful therapy. Treatment of individual B with 

thee combination d4T, 3TC, and IDV resulted in a transient decline of RNA levels. CD4+ T-

celll counts responded well, increasing from 20 to 250 cells per pi. 

Inn attempt to explain the response to antiviral therapy in these group O-infected 

individuals,, we performed sequence analysis of the protease and RT genes. The 

sequencess of the RT genes of both individuals A and B before the start of therapy were 

comparedd to group M subtype B sequences.89 The group O amino acid sequences did not 

encompasss any residues known to confer resistance against the known nucleoside 

analoguee RT-inhibitors. As observed from the RNA levels and CD4+ T-cell counts, 

individuall A did not respond to AZT. Coinciding changes in the RT gene were I50V, K65R, 

T196A,, and T215N. Whereas the I50V and T196A were presumably the result of non-

therapyy associated evolution, the K65R mutation has been associated with resistance to 

nucleosidee analogue RT-inhibitors.178 The 215 position in particular is associated with 

resistancee to AZT, although that the T215N mutation is not known as conferring 

resistancee in group M viruses in contrast to T215Y and T215F.96 For group O, but possibly 

ass well as for group M viruses, it should be tested in phenotypic assays whether the 

T215NN mutation confers resistance against AZT. The absence of a virological response to 

ddCC in individual B could be explained by the K65R mutation, which is known to confer 

resistancee to ddC.178 After the change of therapy to d4T, 3TC, and IDV, we detected the 

M184VV mutation, which is associated with resistance to 3TC in group M viruses.150 

Beforee start of therapy, the protease genes of ANT70 in both individuals A and B 

encompassedd residues at positions 10 (I), 36 (I) and 71 (V) which in group M proteases 

aree known to confer resistance to IDV (101 and 71V), RTV (361 and 71V), and SQV 
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(10I).2O;1366 These residues have also been found in other group O viruses (VAU and 

MVP5180).899 After treatment of individual A with SQV, the additional mutations V15I, 

V22A,, G48V and K57R appeared, of which the 101 and 48V residues together could 

possiblyy explain the observed lack of response on RNA levels or CD4+ T-cell counts to 

SQV,, whereas the influence of the other observed mutations should be addressed in 

phenotypicc studies. 

Afterr treatment with IDV, individual B developed the V15I, V22A, T34N, Q37P, 

G48V,, I54A, and V82A mutations. Of these, mutations at the positions 54 and 82 are 

associatedd with resistance to IDV and RTV and the positions 48 and 54 with resistance to 

SQV.. The finding in individual B of preexisting residues associated with resistance against 

proteaseprotease inhibitors together with the mutations that developed during treatment explain 

thee partial virological failure protease inhibitors observed in this man. Both individuals 

separatelyy developed V15I and V22A mutations during treatment with protease 

inhibitors.. Because the viral sequences of both individuals differed significantly from each 

other,, this indicated that the viruses with these mutations were not transmitted from one 

too the other. These findings strongly suggest that the positions 15 and 22 are involved in 

resistancee development against protease inhibitors in cases of group O infection. Both 

positionss have not been associated with resistance in group M infections. 

Ourr data on viral RNA levels, CD4+ T-cell counts, and mutations in the protease 

andd RT genes indicate that differences in response to therapy between group M and 

groupp O viruses can be expected due to preexisting resistance-associated residues, in 

particularr those of the protease gene of group O viruses. In the RT-gene, we observed an 

unknownn 215 mutation. This position has been associated with AZT-resistance, but the 

presencee of a N has not. To determine whether a 215N mutation is associated with 

resistancee against AZT, phenotypic tests of virus containing this mutation should be 

performed.. Our data underscored that resistance development in group O-infected 

individualss may not follow pathways identical to those of group M infected individuals, 

andd that standard treatment protocols must be applied with extreme care. Until more 

groupp O infected individuals have been followed, we cannot know whether standard triple 

therapyy containing one or more protease inhibitors is the optimal treatment for HIV-1 

groupp O infections. An alternative, since the predisposing amino acid residues that 

quicklyy confer protease inhibitor resistance, would be to change treatment protocols 

containingg one or more protease inhibitors to protocols containing three nucleoside RT-

inhibitors.. Both treatment protocols are similar in their potent antiviral activity.49;83;146 

Sincee group O viruses are not susceptible to non-nucleoside RT-inhibitors,41;42;127 using 

themthem to replace protease inhibitors must be excluded. 
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Inn conclusion, our data indicate that pre-existing protease residues, which have 

beenn associated with reduced sensitivity to protease inhibitors of group M viruses select 

forr relatively rapid emergence of drug resistance in HIV-1 group O-infected individuals. 

Thesee observations are in accordance with reported data for in vitro antiviral drug activity 

inn HIV-1 group O infections.41;42;44;126 
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Becausee HIV-1 subtypes and circulating recombinant forms (CRFs) are spreading 

rapidlyy worldwide, and are becoming less confined to a geographical area, RNA assays 

thatt can reliably detect and quantify all HIV-1 isolates are demanded. We developed a 

fast,, real-time monitored RNA assay based on an isothermal nucleic acid sequence-based 

amplificationn (NASBA) technology that amplifies a part of the long terminal repeat (LTR) 

regionn of the HIV-1 genome. Real-time detection was possible due to the addition of 

molecularr beacons to the amplification reaction that was monitored in a thermostated 

fluorimeter.. The lower level of detection of the assay was 10 HIV-1 RNA molecules per 

reaction,, and the lower level of quantification was 100 copies HIV-1 RNA with a dynamic 

rangee of linear quantification between 102 and 107 RNA molecules. All HIV-1 groups, 

subtypess and CRFs could be detected and quantified with equal efficiency, including the 

groupp N isolate YBF30 and the group O isolate ANT70. 

Too test the clinical utility of the assay, a series of 62 serum samples containing 

virusess encompassing the subtypes A through G and CRFs AE and AG of the HIV-1 M-

groupp were analyzed and compared to the results of a commercially available assay. This 

comparisonn showed that the quantification results correlated highly (R2=0.735) for those 

subtypess that could be well quantified by both assays (B, C, D, and F), whereas improved 

quantificationn was obtained for the subtypes A and G, and CRFs AE and AG. A 

retrospectivee study with six individuals treated with highly active anti retroviral therapy, 

infectedd with either a subtype A, B, C, D, G, or an AG isolate of HIV-1 group M, revealed 

thatt the assay was well suited to monitor therapy effects. 

Inn conclusion, the newly developed real time monitored HIV-1 assay is a fast and 

sensitivee assay, with a large dynamic range of quantification and suitable for 

quantificationn of most, if not all subtypes and groups of HIV-1. 

Introductio n n 
Virall RNA levels in plasma or serum of HIV-1 infected individuals has become the 

mostt important diagnostic marker in HIV-1 infection. It has been shown that the HIV-1 

RNAA level is predictive for disease progression in non-treated infected 

individuals,37;79;100;I01:1455 and that it is the best marker to monitor therapy effects. 

AA correlation between viral RNA levels and progression to AIDS was found; for 

examplee individuals with an HIV-1 RNA level of less than 10,000 copies per ml generally 

doo not progress to AIDS during the following five years.101;14S Hence, the objective of 

anti-retrovirall therapy is to maximally suppress viral RNA levels, although severe side-
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effectss like lipodistrophy and lactic acidosis may limit its success rate. The decision to 

startt antiretroviral drug therapy is usually made on the basis of the viral RNA level 

combinedd with the CD4+ T-cell counts as second parameter.135 Assessment of the HIV-1 

virall RNA levels has proven to be the most accurate and valuable marker to monitor the 

effectss of antiretroviral therapy.81;ll3;169 The presence of viral RNA in the serum of 

newbornn children is used as the sole evidence for mother-to-child transmission, since 

maternall antibodies present in infant serum hamper antibody-screening assays. In this 

decade,, the number of newborn infants that are to be screened will increase as soon as 

cheaperr assays become available for use in developing countries, where they are needed 

mostt Also due to the presence of viral antibodies, the presence of viral RNA will be one 

off the most important markers to monitor breakthrough in vaccine studies. In addition, 

vacciness that have not a strict preventive effect, but evoke immune responses against 

thee virus that keep viral RNA levels low, increase the necessity for viral RNA assays that 

cann reliably quantify the levels of any HIV-1 subtype RNA. Such vaccines delay or may 

evenn block the progression to AIDS, in analogy to the effects of anti-retroviral therapy. 

Sincee the start of the HIV-1 epidemic, HIV-1 subtype B has been the predominant 

causee of AIDS in Europe and the USA, and as a result studied most. The last few years 

though,, the focus of HIV-1 research and development has moved towards other HIV-1 

subtypes,, since they are much more prevalent world-wide. The observation that the 

variouss subtypes of HIV-1 are globally spreading and are found in the USA and Europe as 

well,, has added to this shift of focus. To halt the global epidemic, the development of an 

effectivee vaccine is required. A vaccine is most urgently needed against those subtypes 

circulatingg in developing countries, and will preferably have to be directed against all 

subtypess of HIV-1. For vaccine breakthroughs, as well as for general diagnostics and 

globall surveillance studies, assays that can reliably detect and quantify viral RNA levels 

inn plasma, serum or culture supernatant independent of its subtype or group are in 

increasingg demand. 

Too assess the amount of genomic RNA of any HIV-1 isolate in either serum or 

plasma,, we developed a quantitative nucleic acid sequence based amplification 

(NASBA)63;1611 assay based on a highly conserved region of the HIV-1 genome, the LTR 

region.. In previous studies, we have shown that RNA assays based on the LTR region of 

HIV-11 can detect all HIV-1 isolates of group M and group O and are to be preferred above 

assayss that amplify another region of the viral genome.26;29 To increase throughput, as 

welll as to have a closed tube format to minimize the risk of contamination, we have 

developedd a fast real-time monitored assay, by using molecular beacons in the NASBA 

reaction.988 Molecular beacons are stem-and-loop-structured oligonucleotides with a 
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fluorescentt label at the 5' end and a universal quencher at the 3' end.154 If the molecular 

beaconn has its closed stem-and-loop structure, the fluorophore and quencher are in close 

proximityy and fluorescence energy is transferred to the quencher. When the loop of the 

molecularr beacon hybridizes to its target, the molecular beacon undergoes a 

conformationall change, resulting in a physical separation of the fluorophore and 

quencher.. Emission of photons at the wavelength that is specific for the fluorophore is the 

result.1544 Molecular beacons are highly specific for their target. When present in a NASBA 

amplificationn reaction, they hybridize with their amplified target RNA to form a stable 

hybrid.. The intensity of the fluorescence upon hybridization is a direct measure of the 

ampliconn concentration. An additional advantage of the use of molecular beacons to 

measuree the amplicon concentration is a decreased contamination risk, as less handling 

iss required and the reactions take place in closed tubes that are not opened after 

amplification. . 

Wee describe the development and the performance of a new HIV-1 viral RNA 

assayy that was validated in a clinical setting on a panel of serum and plasma samples of 

individualss infected with any of the group M HIV-1 subtypes. In addition, we will show for 

fivee treated HIV-1 infected individuals that this assay is highly suited for therapy 

monitoringg independent of the genetic subtype of the viral isolates. 

MATERIAL SS AND METHODS 

TheThe LTR-based real-time NASBA HIV-1 RNA assay (Retina-HIV-1) 

Threee regions with a highly conserved sequence, located in the 5' long terminal 

repeatt (LTR) region of the HIV-1 genome, were used to develop the LTR-based assay. 

Thee assay was based on standard nucleic acid sequence based amplification (NASBA) 

technology,1533 whereas for real-time detection, molecular beacons were added to the 

reactionn (50 nM). Viral RNA from a total volume of 200 pi plasma or serum sample was 

isolatedd using a silica-based method.10 Five of the 50 ul isolated viral RNA was used in 

thee NASBA reaction, using a 5' sense primer (5'CTCAATAAAGCTTGCCTTGA) (HIVHXB2CG 

[GenBankk accession no. K03455] nucleotides [nt] 508 to 523) and a 3' antisense primer 

elongatedd with a T7 sequence (in italics) 

(5'aattctaatacgactcactatagggagagGGGCGCCACTGCTAGAGA)) (nt 643 to 628) to amplify 

thee 135 nucleotides fragment. We developed a molecular beacon that could hybridize 

withh all known HIV-1 isolates from all groups. The molecular beacon existed of a stem-

and-loopp structured oligonucleotide with a fluorescein (FAM) label at the 5' end and a 

universall quencher (DABCYL) at the 3' end (5' FAM-cgtacg agtagtgtgtgcccgtctgt cgtacg-

DABCYL;; the bases that form the stem are in lowercase italics, the hybridizing loop 
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encompassedd nt 532 to 551). The hybridization reaction was monitored every 40 seconds 

inn a 96-well thermostated fluorimeter. A calibration curve with 2xl02, 2xl03, 2xl04, and 

2xl055 molecules HIV-1 was included in each experiment. For real-time NASBA 

amplification,, the time-to-positivity (TTP) principle is applicable, similar like for real-time 

PCR.711 The number of wild type RNA copies per ml serum could be extrapolated from the 

standardd calibration curve. 

Samples Samples 

Sixty-twoo serum samples taken from individuals with known HIV-1 subtype were 

testedd for validation of the assay. Selection and description of these individuals was 

describedd elsewhere.29 In short, most of these individuals were non-European and non-

USS immigrants to the Netherlands, whom probably were infected in their home country, 

orr were individuals known or suspected to be infected with an HIV-1 strain of non-

Europeann and non-US origin. They had been identified by a thorough epidemiological 

investigationn that is part of routine evaluation of every newly diagnosed HIV case at the 

outpatientt clinic of the Academic Medical Center. Of all the samples, viral RNA levels were 

determinedd by both the LTR-based real-time monitored RNA assay and the NucliSens 

HIV-11 QT assay (Organon-Teknrka, Boxtel, the Netherlands). The latter assay is a 

commerciallyy available NASBA assay that amplifies a part of the gag-gene and was 

performedd according to the manufacturer's instructions. 

Inn addition, serum samples from five HIV-1 infected individuals whom were 

treatedtreated with anti retroviral therapy and of whom every half year a serum sample was 

drawnn and stored at , were analyzed with both the Retina-HIV-1 and NucliSens 

assay. . 

Severall well characterized and calibrated standards were tested in three-fold serial 

dilutions;; they were obtained from Virology Networks (Utrecht, the Netherlands; ENVAS 

panel)) and the National Institute for Biological Standards and Calibration (NIBSC, UK). 

Thee latter one is an international WHO supported standard for nucleic add diagnostics. A 

well-characterizedd stock of cultured subtype B virus (HXB3)97 was tested in these 

experimentss as well. An RNA calibration molecule that encompassed a fragment of HXB2 

(ntt 465 - 1642) was in vitro synthesized using T7 RNA polymerase. The concentration of 

thee in vitro synthesized RNA was determined on ethidium bromide stained gel using RNA 

standardss and, independently, by UV-spectrophotometry. This in vitro synthesized RNA 

wass used as the calibration standard in all experiments. 

Too investigate the linearity and sensitivity of the Retina-HIV-1 assay for the 

variouss subtypes and groups of HIV-1, three-fold serial dilutions were made of a panel of 
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100 cultured virus stocks encompassing the subtypes A through G and the circulating 

recombinantt forms (CRFs) AE and AG. These series were tested and compared to 

publishedd results, which were obtained after extensive characterization and calibration." 

Additionally,, viral culture supernatants of group O ANT-70 and group N YBF30 isolates 

weree included in the experiment. 

StatisticalStatistical analysis 

Forr statistical analysis, the Pearson's correlation procedure and the Spearman's 

rank-orderr correlation procedure as implemented in the SPSS vlO.0.5 software package 

(SPSSS Inc., Chicago, III.) were used. The results from the NucliSens assays that were 

beloww 400 copies RNA per ml were substituted with the value 400 copies per ml to 

facilitatee analysis. 

RESULTS S 

PerformancePerformance of the real-time NA5BA assay forHIV-1 (Retina-HIV-1) 

Thee newly developed Retina-HIV-1 assay could be used as a qualitative and a 

quantitativee assay. Quantification of the assay was achieved by testing a standard curve 

off samples with a known amount of HIV-1 molecules within the same experiment as the 

unknownn samples and extrapolation of the results to the standard curve. The isothermal 

(411 ) amplification process resulted in the synthesis of large amounts of single 

strandedd RNA63;161 to which immediately upon synthesis the molecular beacon could 

hybridize.. This resulted in relaxation of the molecular beacon secondary structure, 

wherebyy fluorophore and quencher were physically separated and emission of 

fluorescencee was enabled. The read-out of the assay was in fluorescence units, resulting 

fromm the emission of photons from the fluorophore attached to the hybridized molecular 

beaconn and detected in any thermostated 

84 4 



A. . 

50 0 

40 0 

01 1 
4- > > 

JJ  3 0 

20 0 

10 0 

5 5 

5.0E+0 11 5.0E+0 3 5.0E+0 5 5.0E+0 7 

5.0E+0 22 5.0E+0 4 5.0E+0 6 

Inputt copies RNA per reaction 

B. . 
Figuree 1. A. Amplification plots of a ten-fold serial dilution series of In vitro synthesized calibrator RNA The 

amountt of input RNA was 5xl08 , 5xl07 , 5xl06 , 5x10s, 5x10", 5xl03 , 5xl02 , and 0 (NT) molecules. B. Box 
plott depicting calculated time-to-positivity (TTP) versus amount of input RNA copies from 5 replications of 
ten-foldd serial dilutions of calibrator series as described for panel A. The box represents the interquartile 
range.. The whiskers that extend from the box indicate the highest and lowest values excluding the 
outliers,, which are separately plotted (A). The line across the box indicates the median 
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fluorimeter.. Typical amplification curves could be plotted in which an increase of 

fluorescencee was observed, until most of the molecular beacon had hybridized with the 

synthesizedd amplicons and the fluorescence reached a maximum level (Figure 1 A.). The 

time-pointt at which the fluorescence signal became detectable over the background was 

linearr over a range of at least five orders of magnitude of input RNA molecules, as shown 

byy dilution series of an in vitro synthesized RNA molecule (Figure 1 B.). Based on five of 

suchh serial dilutions, the linear quantification of the assay was determined to be between 

1022 to 107 copies RNA per reaction (R2 = 0.94, p<0.001). Precision and accuracy of the 

assayy were within 0.2 and 0.1 logio, respectively, over the complete linear quantification 

range.. The analytical sensitivity of the assay (lower detection level, LDL), in which 

amplificationn occurred in 50% of the reactions, was 10 RNA copies per reaction. Usually, 

HIV-11 RNA was isolated from 0.2 ml serum and eluted in 50 pi of which only one-tenth 

wass used in a reaction. Thus, the equivalent of HIV-1 RNA isolated from 20 pi serum or 

plasmaa was added to the reaction, which would result in a sensitivity of 500 copies HIV 

RNAA per ml. The sensitivity could be improved if a precipitation protocol was applied to 

usee all isolated RNA in the amplification, or if more serum input was used.170 

Too evaluate if the assay was quantitative, independent of which standard was 

used,, we tested several standard panels. A standard panel made from in vitro 

synthesizedd RNA to a well-characterized subtype B standard (HXB3)97 was compared to 

ENVASS and NIBSC standards. Analysis of the dilution series resulted in standard curves, 

whichh all had a similar slope, indicating similar quantification efficiency of any of the 

standardss (Figure 2). It revealed that the given amount of input RNA was correctly 

assessedd by extrapolation of the in vitro synthesized RNA standard. Thus, all standards 

testedd were able to function as standard for a calibration curve in combination with our 

Retina-HIV-11 assay. 

LinearLinear quantification of the Retina-HIV-1 assay on various HIV-1 subtypes 

Thee linear quantification capabilities of the Retina-HIV-1 assay were determined 

byy serial dilutions of viral culture supernatant for each subtype (A to G) of the HIV-1 M-

groupp in human serum. These samples have been tested in several commercially 

availablee assays and the results have been reported for the complete group76 and for 

eachh sample separately as determined by the Amplicor HIV-1 RNA vl.5 assay (Roche 

Molecularr Diagnostics, Branchburg, NJ).102 The results with the Retina-HIV-1 assay of 

representativee dilution series from one of each subtype were plotted in figure 3 A for the 

HIV-11 M-group. 
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Inputt RNA (loglO copies per ml) 

Figuree 2. Assessed viral RNA levels versus given viral RNA levels in serial dilutions of an In vitro synthesized 
RNAA standard (A), ENVAS (r) , HIV-1 HXB3 (J),97 and NIBSC (n) standards in plasma as determined with 
thee real-time LTR-based RNA assay. Calibration was performed by extrapolation of the TTP values against 
thee In vitro synthesized RNA standard. The results shown are the mean of three independently performed 
experiments. . 

AA linear increase of the calculated time-to-positivity (TTP) values was observed with 

increasingg dilution for all tested samples, indicating that all subtypes were quantified 

similarlyy and with similar efficiency. We calculated the viral RNA level of each sample by 

extrapolationn from the calibration curve and compared these results with the reported 

Amplicorr HIV-1 RNA assay v l . 5 results. Each of the subtype isolates could be quantified 

andd compared to the values obtained with the Amplicor assay (Pearson's correlation r = 

0.407).. The Retina-HIV-1 assay assessed the viral RNA levels with a mean of 0.35 log™ 

copiess RNA per ml lower than the reported values by the Amplicor assay. 

Additionally,, we tested serial dilutions of isolated RNA from culture supernatant of 

ANT70,, a group O virus, and YBF30, a group N virus. Figure 3 B depicts the relationship 

betweenn the TTP value and the dilution factor before isolation of the nucleic acid, for the 

groupp O and the group N isolates, as well as for the 
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Figuree 3. A. Assessed viral RNA (logio copies per ml) versus input RNA (logio copies per ml) from supernatant 
off HIV-1 cultures spiked in serum, subtype A (0), subtype B (fi), subtype C (]), subtype D (5), subtype F 
(r ) ,, subtype G (Z), and CRFs AE (B) and AG (Z). The input RNA levels have been determined using the 
Amplicorr v l .5 HIV-1 RNA assay.102 B. Measured TTP in minutes versus logio of the dilution factor for the 
groupp O isolate, ANT70 (iJ), and the group N isolate, YBF30 (]), and as a reference, the calibration curve 
(A). . 
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calibrationn curve of in vitro synthesized standard RNA as a reference. The dilution series 

off both the group O and the group N sample demonstrated a linear relationship between 

thee TTP values and the dilution factor, paralleling that of the calibration curve, indicating 

thatt these group O and group N isolates could be reliably quantified. 

RNARNA quantification in serum samples from 62 individuals infected with HIV-1 group M, 

subtypesubtype A through G, CRFs AE and AG 

Too evaluate the clinical utility of the Retina-HIV-1 assay, the viral RNA levels in a 

sett of 62 serum samples was assessed and compared to the values obtained by the 

commerciallyy available NucliSens assay. Because the NucliSens assay amplifies a part of 

thee gag gene, the genetic subtype of each of the viral isolates had been determined by 

phylogeneticc analysis of the gag sequences.26 Our sample set encompassed 12 subtype 

A,, 11 subtype B, 7 subtype C, 9 subtype D, 1 subtype F, 6 subtypee G, 1 subtype H, 5 CRF 

AE,, and 10 CRF AG isolates. Subtype assignment based on the LTR sequences uncovered 

fivee recombinant isolates from 59 isolates of which we had obtained the complete LTR 

sequencee as well. Those four recombinant isolates had an LTR/gag subtype pattern A/C, 

A/D,, D/A, and F/D. 

Too facilitate analysis, the samples were divided into two groups, based on their 

subtype,, as the NucliSens assay did not reliably quantify the subtypes A, G and CRFs AE 

andd AG isolates.1;29;l39 The first group <G1) included all samples with subtype B, C, D, F 

andd H (figure 4 A), whereas the second group (G2) contained the subtypes A, and G and 

CRFss AE and AG (figure 4 B). The calculated correlation coefficients (Pearson's 

correlation)) between the Retina-HIV-1 and NucliSens assays were 0.485 (p<0.001) for 

thee complete group of samples, and 0.735 (p<0.001) and 0.388 (p=0.026) for the 

groupss Gl and G2 respectively. Since comparison of two different assays can lead to 

biasedd results for correlation between two sets of data because of extreme discrepancies 

inn just a few samples, we also used the Spearman's rank order test to calculate 

correlationn coefficients. The Spearman correlation coefficient (p) between the NucliSens 

andd Retina-HIV-1 assay for all sera together was 0.459 (N=62, p<0.001). For G l , a 

strongg correlation could be found between the two assays (p=0.677; N=29; p<0.001). 

Forr G2 this correlation was not as strong, but still significant (p=0.359; N=33; p=0.02). 

Thee Pearson and Spearman's correlation coefficients did not differ substantially, which 

indicatess that the influence on the correlation coefficient of very deviating samples was 

limited. . 

Inn total, thirteen samples containing viruses of various subtypes of the HIV-1 M-

groupp could not be detected by the NucliSens assay, but were positive in the Retina-HIV-

89 9 



11 assay. All these thirteen serum samples were categorized in the group containing the 

subtypess A and G and CRFs AE and AG. Of these, two were subtype A, five were CRF AG, 

onee was CRF AE, and five were subtype G. Previously, we have reported before that due 

too mismatches in primer and probe regions, the NucliSens assay can not detect or 

underestimatedd this group of subtypes and CRFs.29 

Inn six serum samples no viral RNA was detected by the Retina-HIV-1 assay, but the 

NucliSenss assay showed the presence of viral RNA. Of these six samples, two contained 

virusess from subtype A, one subtype B, two subtype D, and one subtype F. In total from 

622 serum samples tested, fourteen samples were undetectable by both assays, probably 

duee to therapy effects or naturally low viral RNA levels. 

AnalysisAnalysis of mismatches in primer and mofecular beacon hybridization sequences 

Sincee our new Retina-HIV-1 assay uses molecular beacons as detection method, 

thee influence of mismatches with the hybridizing region could be more pronounced than 

withh linear probes under the same conditions. Therefore, we analyzed the sequences of 

thee molecular beacon hybridizing regions, as well as primer hybridizing regions, from 

thosee samples that were negative in the Retina-HIV-1 assay, but positive in the 

NucliSenss assay in order to explain the discrepancies. None of the samples showed a 

mismatchh in any of the two primer hybridizing regions. The subtype B sample that was 

negativee in the Retina-HIV-1 assay showed a deletion mutation in the hybridizing region 

off the molecular beacon. For the subtype A, D and F samples no mismatches could be 

foundd for the molecular beacon hybridizing region. 

TheThe Retina-HIV-1 assay is suitable to monitor therapy effects 

Thee effects of antiretroviral therapy are evaluated by the changes in the viral RNA 

levell in serum of HIV-1 infected individuals. A fast decrease after initiation of 

antiretrovirall therapy is usually seen if therapy is effective. During the course of therapy, 

everyy 6 months the RNA levels are assessed, in order to detect whether therapy is still 

effectivee or whether virological drug failure has occurred. We have selected five 

individuals,, each infected with another group M subtype of HIV-1, whom were on 

antiretrovirall therapy for more than four years. Approximately every 6 months a blood 

sampless was drawn and the serum was stored at -80 . Each of these serum samples 

hass been analyzed for the viral RNA level using both the 
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Figuree 4. Scatter diagrams of logio RNA levels (copies/ml) as assessed by the Retina-HIV-1 assay versus the 
logioo RNA levels (copies/ml) as assessed by the NudiSens assay. Depicted are the results from individuals 
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levell of each assay, while the diagonal line represents the regression line through the origin. 
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Retina-HIV-11 and the NucliSens assays. The results are depicted in figure 5. We observed 

thatt after initiation of antiretroviral therapy, both assays detected a rapid drop in viral 

RNAA levels, which remained low or even below detection level of each assay until a 

virologicall drug failure was observed by increasing viral RNA levels. Independent of which 

subtypee was analyzed, therapy effects were efficiently monitored by both assays, with no 

significantt differences. 
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Figuree 5. Viral RNA levels in serum from five longitudinally followed HIV-1 infected individuals, whom were 
treatedd with antiretroviral therapy. Depicted are the results from both Retina-HIV-1 (V) and NucliSens (() 
assays.. Each panel depicts the results from an individual infected with either a subtype A (A.), B (B.), C 
(C),, D (D.), or CRF AG (E.) virus. 
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DISCUSSION N 

Wee have developed a real-time NASBA HIV-1 viral RNA assay (Retina-HIV-1 assay), in 

whichh a 135 nucleotides conserved region of the long terminal repeat (LTR) of the HIV-1 

genomee was amplified. In a previous study we have shown that the primer and probe 

locationss within the amplified region of the LTR are highly conserved among the various 

subtypess of the HIV-1 M-group, as well as for the N- and O-group.29 For the detection of 

thee synthesized amplicons, molecular beacon probes were added to the reaction, which 

enabledd real-time detection and monitoring of the amplification reactions. By using real-

timee monitoring, reaction and detection could occur simultaneously omitting a time-

consumingg detection step. An additional advantage was that the tubes stayed closed 

afterr initiation of the amplification minimizing the risk of contamination by the relatively 

largee amounts of amplified product.63 Since NASBA is an isothermal amplification 

reaction,, a thermostated fluorimeter was sufficient to monitor the continuous 

amplificationn reaction. Such fluorimeters are relatively inexpensive compared to the 

instrumentss required to monitor real-time PCR reactions. The amplification time of the 

Retina-HIV-11 was 60 minutes for 96 samples, making it a very fast, high-throughput 

assay. . 

Thee lower detection level of the Retina-HIV-1 assay was approximately 10 copies HIV-1 

RNAA per reaction. The lower quantification level of the Retina-HIV-1 assay was 

approximatelyy 100 copies per reaction. Quantification was achieved within a linear range 

off at least five orders of magnitude (102 to 107 molecules per reaction, figure 1 B.). The 

accuracyy and precision could vary within the limits of 0.1 and 0.2 log™ copies RNA per 

ml.. These characteristics of the Retina-HIV-1 assay compare well to the commercially 

availablee assays like NudiSens HIV-1 RNA QT (Organon-Teknika, Boxtel, the 

Netherlands),, Amplicor HIV-1 Monitor vl.5 (Roche Molecular Diagnostics, Branchburg, 

NJ),, and Quantiplex HIV-1 RNA v3.0 (Bayer Diagnostics, Mannheim, 

Germany).23;43;l30;138;164;16S S 

Thee quantification by the Retina-HIV-1 was tested on a number of available HIV-1 

standardss like those of ENVAS and NIBSC (all subtype B) and it was shown that the assay 

couldd reliably quantify these standards (figure 2). The Retina-HIV-1 assay was able to 

quantifyy all group M subtypes of HIV-1 with a similar efficiency (figure 3 A). The result of 

thee quantification of a panel of subtype isolates showed that Retina-HIV-1 and Amplicor 

vl .55 assay gave concordant values. In addition, the Retina-HIV-1 assay could also 

linearlyy quantify isolates from the groups N and O (figure 3 B). The broad specificity of 

thee Retina-HIV-1 assay is an asset, knowing that the various subtypes and groups of 
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HIV-11 are rapidly spreading worldwide. 

Thee group N and O viruses were as efficiently amplified as group M viruses but the 

signalss were lower than for group M isolates. This difference in signals was most likely 

duee to the found mismatch in the hybridizing loop of the molecular beacon, based on the 

reportedd LTR sequence of both viral isolates.27189 

Thee clinical utility of the Retina-HIV-1 assay was tested on 62 serum samples. The 

resultss were compared to those of the NucliSens assay. Five of 62 isolates were not 

detectedd by the Retina-HIV-1 but were by the NucliSens assay, whereas 13 of 62 were 

detectedd by the Retina-HIV-1 and not by the NucliSens assay. The sequence of one of the 

fivee isolates not detected by the Retina-HIV-1 assay showed a deletion mismatch in the 

hybridizingg region of the molecular beacon, a likely cause of the negative result. For the 

remainingg four samples, no obvious explanation for the detection failure could be found. 

Thee 13 of 62 isolates detected by the Retina-HIV-1 but not by the NucliSens assay were 

alll of the subtypes A and G, or CRF AE and AG. It has been shown previously that the 

NucliSenss assay underestimates or does not detect these subtype isolates due to 

mismatchess in primer and probe binding regions.29 The Retina-HIV-1 assay was 

evaluatedd in a set of longitudinally drawn serum samples of patients on antiretroviral 

therapy.. Relative to the results of the NucliSens assay, the results from the Retina-HIV-1 

assayy showed comparable profiles of viral RNA levels in response to antiretroviral therapy 

withh values dropping below detection level when effective therapy was administered and 

reboundingg RNA levels when therapy failed. 

Inn the perspective of the current direction that HIV-1 research takes, the Retina-

HIV-11 assay can prove its value in different fields of HIV-1 diagnostics. First, the Retina-

HIV-11 assay could be of use to screen for vertical transmission. Mother-to-child 

transmissionn is mostly present in developing countries, where other-than-B subtypes of 

HIV-11 group M are most prevalent. Improved detection of the subtypes by using the LTR 

regionn as amplification region will probably lead to increase of infants diagnosed with 

HIV-11 infection, especially if the infants are infected with a subtype A, or G, CRF AE or 

AG,, or group N or O virus. An additional advantage of the Retina-HIV-1 over the 

Quantiplexx v3.0 and the ultrasensitive Amplicor vl .5 assay formats is the smaller serum 

volumee (200 vs 500 ul) that is necessary to detect HIV-1 RNA with similar sensitivity, 

providedd that a precipitation protocol is included to concentrate RNA that serves as input 

forr the Retina-HIV-1 assay (data not shown). Related amongst others to mother-to-child 

transmissionn is the development of vaccines that evoke an immune response, which can 

keepp viral RNA levels low, thereby prohibiting vertical transmission.561125 Viral RNA levels 

inn this context reflect the efficacy of the used vaccine and should be monitored. 

94 4 



Second,, the Retina-HIV-1 assay could prove its value in monitoring prophylactic 

vaccinee breakthrough, because the assay is relatively cheap, can be used as a high-

throughputt application, and can detect isolates of any of the HIV-1 subtypes. These 

featuress will be important because phase III trials to the efficacy of vaccines will include 

largee cohorts of HIV-1 virus negative individuals, but with detectable HIV-1 antibodies 

becausee of the induced immune responses by the vaccine. These large cohorts will result 

inn high amounts of samples to be tested from all over the world for the presence or 

absencee of HIV-1 RNA of any subtype or group. 

Inn summary, our LTR-based Retina-HIV-1 assay can quantify any viral isolate from HIV-1 

groupp M, N, or O. Due to the real-time detection, the throughput of the assay is high with 

966 samples amplified and detected within 60 minutes. The reactions are monitored in a 

relativelyy cheap thermostated fluorimeter, which makes the assay feasible for 

laboratoriess all over the world. Since the amplification, as well as the detection takes 

placee in one closed tube, the risk for contamination is reduced to a minimum. The 

characteristicss of the assay make it highly suitable to be applied in HIV diagnostics and 

HIV-11 therapy management, as well as the diagnosis of HIV-1 infected infants, vaccine 

efficacy,, and vaccine breakthrough. 
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Too halt the human immunodeficiency virus type 1 (HIV-1) epidemic requires 

interventionss that can prevent transmission of numerous HIV-1 subtypes. The most 

frequentlyy transmitted viruses belong to the subtypes A, B, C, and the circulating 

recombinantt forms (CRF) AE and AG. In order to monitor mother-to-chitd transmission 

duee to any of those viruses or to test future vaccines to prevent transmission by these 

viruses,, a fast one-tube assay that identifies and distinguishes among the subtypes A, B, 

C,, and CRF AE and AG of HIV-1 was developed. The assay amplifies a part of the gag-

genegene sequence of the genome of all currently known HIV-1 subtypes and can identify and 

distinguishh among the targeted subtypes as the reaction proceeds, because of the 

additionn of subtype-specific molecular beacons with multiple fluorophores. To obtain a 

sufficientlyy specific assay, we developed a new strategy in the design of molecular 

beacons,, introducing purposely mismatches in the molecular beacons. The subtype A and 

CRFF AG isolates reacted with the same molecular beacon. The ability of the assay to 

discriminatee among the targeted subtypes and to identify them correctly was tested on a 

panell of the culture supernatant of 34 viruses encompassing ail HIV-1 subtypes: A 

throughh G, CRF AE and AG, plus a group O and a group N isolate. Assay sensitivity on 

thiss panel was 92%, with 89% correct subtype identification relative to sequence 

analysis.. A linear relationship was found between the amount of input RNA in the reaction 

andd the time that the reaction became positive. The lower detection level of the assay 

wass approximately 103 copies HIV-1 RNA per reaction. 

Inn conclusion, by using multiple molecular beacons labeled with different 

fluorophores,, we were able to identify and distinguish the subtypes A, B, C, and CRFs AE 

andd AG of HIV-1 within one simple closed-tube amplification reaction. 

Introductio n n 

Humann immunodeficiency virus type 1 (HIV-1) can be differentiated into several 

geneticc groups and sub-groups, or subtypes. The viral isolates that belong to the genetic 

groupp M are responsible for more than 99% of all infections worldwide. This group can be 

dividedd into subtypes A through H, to which subtype K was recently added.132 As for subtype 

J,, only 2 strains are known, whereas subtype I appears to be a mosaic of various subtypes. 

Besidess the group M isolates, the groups N and O are recognized.3*142 Isolates that belong 

too these two groups are mainly found in Cameroon, whereas group M isolates can be found 

worldwide,, with distinct subtypes being dominant in specific geographical areas. 

Epidemiologicall data is continuously being collected to monitor the dynamics of global 
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subtypee distribution and the emergence of new subtypes for the purpose of vaccine research 

andd evaluation. A limited number of subtypes dominate the global epidemic. The most 

dominantt is subtype C, closely followed by subtype A and its circulating recombinant forms 

AEE and AG. In the Americas and Europe, subtype B is still dominant. 

Inn clinical diagnostics, the viral RNA level in serum or plasma obtained from HIV-1 

infectedd individuals is the prime determinant of disease progression and therefore 

providess a strong indication of the success or failure of anti retroviral drug 

therapy.37;79;100;101;1355 In general, persistent low viral RNA levels are associated with slow 

diseasee progression, while persistent high levels are associated with rapid disease 

progression.. The accurate assessment of viral RNA levels is highly dependent on which 

amplificationn technology is used, since such technologies are sensitive for genetic 

variationn and variability of the target regions within the genes of interest. Several 

subtypess are undetected or poorly detected by certain viral RNA assays, due to 

mismatchess of primers and probes with the target regions of the assays.1;29;39;110 

Underestimationn of viral RNA levels affect not only the evaluation of antiretroviral drug 

therapiess against infections with other-than-B subtypes, but also the effects of 

therapeuticc interventions to block mother-to-child transmission. The same applies to 

futuree vaccine trials. 

Wee previously described an assay that universally detected and quantified groups 

M,, N and O viruses.30 To identify the infecting subtype, we have now designed and 

evaluatedd a new assay. Since non-B HIV-1 infections currently dominate the AIDS 

pandemicc and the virus variation increases during the course of the epidemic, monitoring 

off subtype distribution requires easy-to-use serum assays. Antibody tests using subtype 

specificc peptides have been developed,5;I5;114 but while able to exclude subtypes, these 

assayss cannot always positively identify a subtype.109'119 The preferred method is 

thereforee nucleic acid subtyping, in which the genetic subtype of an isolate is determined 

largelyy by sequencing a part of the viral genome and using phylogenetic analysis to 

comparee it with a set of reference sequences having a known subtype. This gold standard 

assayy requires expensive instrumentation. Besides, it is cumbersome, labor intensive, 

andd the reagents are not cheap. Another much easier but still time-consuming technique 

iss subtype determination by heteroduplex mobility assays (HMA).40170 Both sequencing 

andd HMA analysis involve isolation of HIV-1 RNA or DNA and the amplification of a target 

sequencee by PCR followed by a nested PCR. These PCR templates are used either for the 

sequencingg and analysis step or for the HMA analysis. 

Too reduce time and costs, our assay was designed to detect and identify the major 

globallyy circulating subtypes -subtype A and its CRF AG, and the subtypes B, C, and CRF 
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AE-- in one amplification reaction.175 The subtype A and CRF AG isolates are not 

distinguishedd from each other, since they react with the same molecular beacon. The 

assayy is based on the NASBA amplification technology combined with subtype-specific 

hybridizingg molecular beacons for detection and discrimination. NASBA amplification is 

knownn to be a powerful tool for amplification of single-stranded HIV-1 RNA 

molecules,29;63;1611 whereas molecular beacons have been proven useful in discrimination 

amongg different targets.168 Compared to other assays, which discriminate different 

targetss that are amplified by multiple primer pairs, our assay discriminates subtype-

specificc determinants within one target that is amplified by a single primer pair. 

Material ss  and Method s 

TheThe subtype identification assay 

AA standard NASBA reaction scheme was applied to the subtype differentiation 

assay.. Each reaction consisted of 5 pi purified sample RNA and 10 pi of NASBA reaction 

mix.. This mix consisted of 80 mM Tris-HCI [pH 8.5], 24 mM MgCI2, 140 mM KCI, 1.0 mM 

DTT,, 2.0 mM of each dNTP, 4.0 mM each of ATP, UTP and CTP, 3.0 mM GTP, and 1.0 mM 

ITPP in 30% DMSO. This solution also contained 2.0 pM each of anti-sense and sense 

primerss for amplification, and the molecular beacons (beacons) for detection. The 

sequencess of the primers and the beacons are summarized in Table 1. Each beacon was 

labeledd with a different fluorophore for discrimination: tetrachloro-6-carboxyfluorescein 

(TET)) for the subtype A and CRF AG beacon, 6-carboxy-X-rhodamine (ROX) for the 

subtypee B beacon, fluorescein (FAM) for the subtype C beacon, and 

tetramethylrhodaminee (TAMRA) for the CRF AE beacon. All molecular beacons used 4-

((4-(dimethylamino)phenyl)azo)benzoicc acid (DABCYL) as universal quencher. 

Thee reaction mixtures were incubated at C for 2 min, and after cooling to C 

forr 2 min, 5 ul of enzyme mix was added. This mix contained per reaction 375 mM sorbitol, 

2.11 pg BSA, 0.08 U RNase H, 32 U T7 RNA polymerase and 6.4 U AMV reverse transcriptase. 

Reactionss were incubated at C for 60 min in an ABI 7700 sequence detection system 

(AppliedBiosystems,, Foster City, CA) for real-time monitoring (i.e., as the reaction 

proceeds)) of the amplification reaction at the wavelengths that are specific for the 

fiuorophoress we used. 
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Tablee 1. Sequence s of the primer s and the subtype-specifi c molecula r beacons , as wel l as the 5' fluorophor e of 

eachh molecula r beacon 

Name e Nucleotid ee sequence * Fluorophor e e 

TET T 

ROX X 

FAM M 

TAMRA A 

Finall  reactio n 

concentratio nn (nM) 

50 0 

50 0 

10 0 

100 0 

10 0 

30 0 

aattctaatacgactcactataggg-aattctaatacgactcactataggg-
Sensee prime r P2 TGCTATGTCACTTCCCCTTGGTTCTCTCA 

Antisens ee prime r PI AGTGGGGGGACATCAAGCAGCCATGCAA A 

Subtyp ee A/CRF AG cgtac g TGGGACAGGTTACAGCCA G cgtac g 

Subtyp ee 8 saaiSS.  TGCAGAATGGGATAGATT G cgatc g 

Subtyp ee C cgJaSf l ATCAATGAAGAGGCTGC A cgtac g 

CRFF AE figtatg  GATAGGGTACACCCAGTAC A £gta£f l 

** In italic  fon t is the T7-promote r recognitio n sequenc e depicted ; underline d are the nucleotide s tha t for m the 

stemm of the typica l stem-and-loo p structur e of the molecula r beacon 

Samples Samples 

Forr pre-clinical evaluation and development of the assay, we purified RNA from 

thee supernatant of certain cultured viral isolates, using a silica-based isolation method.10 

Thiss collection encompassed viral isolates from the group M subtypes A (4), B (7), C (5), 

DD (3), F (3), and G (1), as well as the group M CRFs AE (8) and AG (2), plus 1 group O 

(ANT70)) and 1 group N isolate (YBF30). 

AA clinical evaluation was performed on the sera of 50 HIV-1-infected individuals, who 

weree selected from the outpatient clinic of the Academic Medical Center in Amsterdam 

andd had a known subtype based on the part of the gag gene containing pl7 and half of 

p24.299 Briefly, the HIV-1 subtypes of the isolates were determined by phylogenetic 

analysiss using the Kimura two-parameter model to calculate the distance matrix88 and 

thee neighbor-joining method, as implemented in the TREECON program.158 The analysis 

includedd a set of reference sequences that were downloaded from the Internet (March 

2000;; http://hiv-web.lanl.gov/). Our collection encompassed serum from HIV-1-infected 

individualss infected with isolates of subtype A (5), B, (9), C (7), D (9), F (1), and G (6), 

ass well as CRF AE (2), and CRF AG (IbNG-like) (11). From each of these isolates, a gag 

sequencee was obtained for phylogenetic analysis to identify the subtype, as well as for 

alignmentt against the primers and molecular beacons used in the subtype determination 

assayy for mismatch analysis, as has been described.29 
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ViralViral RNA assays 

Virall RNA levels in the 50 sera were determined using a commercially available 

assay,, the NucliSens HIV-1 RNA QT assay (Organon-Teknika, Boxtel, the Netherlands), or 

aa broad-subtype viral RNA assay.30 

StatisticalStatistical analysis 

Alll statistical analysis was performed with the SPSS vlO.0.5 software package 

(SPSSS Inc, Chicago, III.). 

RESULTS S 

DesignDesign of the subtype identification assay 

Thee pl7/p24 region of the gag gene of the HIV-1 genome contains sufficient 

variationn in genetic information to allow discrimination among subtypes in a phyiogenetic 

analysiss of the sequences (figure 1). This region was selected for development of an 

assayy that could discriminate between different subtypes by using probes that hybridize 

withh subtype-specific sequences and that are distinguishable by the use of different 

fluorescentt reporter labels. The sequence variations in the gag target are revealed by the 

alignmentt of the consensus sequences of the subtypes A through H and the CRFs AE and 

AGG (figure 2). 

Thee type of probes used for discrimination of subtypes were molecular beacons, 

whichh have their fluorescent label at one end and a non-flu orescent quencher at the other 

end.. Molecular beacons fluoresce only when they bind to their target sequence.154 We 

designedd molecular beacons that could discriminate between the subtypes A, B, C, and 

CRFF AE and AG; however, the subtype A and CRF AG isolates reacted with one molecular 

beacon,, since they are genetically identical in the hybridization region of the beacon89 

(figuree 2). 

Usingg sequences from each subtype or CRF available from the Los Alamos National 

Laboratoryy HIV sequence database (March 2000, http://hiv-web.lanl.gov/),89 we 

designedd molecular beacons in the gag region of the HIV-1 genome between position 

13888 and 1471, based on the HXB2R sequence (Genbank 

accessionn number K03455). The gag region is efficiently amplified in a NASBA 

reactionn by primers described previously.87'161'162 Each NASBA reaction typically results in 

largee amounts of negative-stranded RNA if the target RNA is positive-

stranded,, as is the case with HIV-1. The molecular beacons in the reaction could 

hybridizee with their complementary sequences instantly upon synthesis of the 

negative-strandedd RNA, enabling real-time detection. The beacons determined the 
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Distancee 0.05 

93BR020-F 93BR020-F 

B B 

) F F 

] ] AE E 

AG G 

Figuree 1. Phylogenetic tree after analysis of sequences from the pl7/p24 region of the gag gene. Sequences 
weree obtained after RT-PCR on RNA isolated from the serum of HIV-1-infected individuals. The various 
subtypee and CRF clusters are bracketed at right. 
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specificityy of the assay, since the primers amplified RNA from virtually any HIV-1 

isolate.58 8 

Thee molecular beacons designed to detect subtype B, and CRF AE isolates were 

highlyy specific. The beacons for the subtypes A/CRF AG and subtype C reacted with the 

targetedd subtype isolates but also with other subtype isolates, as is shown in figure 3A 

forr the subtype C molecular beacon. These beacons were designed to discriminate 

betweenn the targeted subtype isolates and the excluded subtype isolates on the basis of 

onlyy a single nucleotide. To enhance the specificity of these molecular beacons, we 

incorporatedd at 2 or 3 nucleotide positions from the discriminating nucleotide a deliberate 

mismatch.. The resulting molecular beacons contained one mismatch for the targeted 

subtypee isolates and at least two mismatches, close to each other, for any other subtype 

isolates.. The beacons could distinguish between the targeted subtype sequences and 

sequencess from the other subtype isolates, as is shown in figure 3 B for the subtype C 

molecularr beacon. 

Inn sequence to which the subtypes A/CRF AG molecular beacon hybridized, one 

positionn varied between the two nucleotides T and G. Therefore, in the design an, inosine 

wass incorporated in the molecular beacon at the variable position, which resulted in an 

A/CRFF AG-specific beacon targeted to all sequences of those two subtypes. 

Consensu ss  A  TGTTAAAAGATACCATCJATGftGGAAGCTGCRGAATOaQfcCfttX3TTACATCCAGTACATGCAGGGCCTATTCCACCAGGCCAGA 

Consensu ss  B  G  ^- I - -A-- G Q Q 

Consensu ss  C  g  T-- A G  A -

Consensu ss  D  -- C G  T  G  G-- G 

Consensu ss  F  C  A  G-- G C 

Consensu ss  G  -  - C G  T  ?  G  A- ? CA?-- G ? -

Consensu ss  H  A  T  C-  G  - -

Consensu ss  J  T  G  ?-- G G 

Consensu ss  K  T  C  G  C  A -

Isolat ee N-YBF 3 0  --C-G--G--AG T A  C  T---A C C-C--TG--A--AC-A-- C G--A C 

Consensu ss  O  --?-?--G--AGT A --A-?--- ? T--AACT -  -? -  --CC-?C??T ? GT- ? G 

Consensu ss  CRFAE - -  -- A -- T G  C  T 

Consensu ss  CRFAG g 

Figur ee 2. Alignmen t of consensu s sequence s fro m the depicte d subtype s of the regio n that is amplifie d by the 
subtyp ee identificatio n assay . Underline d in shaded boxes are the sequence s that functione d as targe t 
sequence ss for the desig n of the subtype-specifi c molecula r beacons . The consensu s sequence s were 
derive dd fro m the Los Alamo s Nationa l Laborator y (March 2000; http://hiv-web.lanl.gov/) . 

Subtype-specificSubtype-specific reactivity of the molecular beacons 

AA well characterized and calibrated panel encompassing viral culture supernatant 

fromm the subtypes A (1), B (7), C (5), D (3), F (3), and G (1), as well as the CRFs AE (8) 

andd AG (2), has been described before 102 and was tested with our subtype identification 

assay.. This panel was expanded with 3 subtype A samples (UG29, UG31, and RW20) 
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fromm the collection of the WHO Network for HIV isolation and characterization, described 

earlier,222 so that a total of 4 subtype A samples was analyzed. Additionally, we tested a 

groupp O (ANT70) and a group N (YBF30) isolate. Figure 4 shows the results from each 

specificc molecular beacon with the isolates it should distinguish, together with the 

backgroundd curve of one representative isolate of each other subtype or CRF, plus one 

no-templatee reaction (NT). The subtype A/CRF AG molecular beacon reacted with one 

subtypee C isolate, and the subtype B molecular beacon reacted with one subtype D 

isolate.. One subtype A isolate and one CRF AE isolate were not detected by the 

correspondingg molecular beacons, and both fluorescence curves are indicated by the 

arrowss in panel A and panel D, respectively. The sensitivity of the assay according to the 

supernatantt panel was 92% (24 out of 26 correctly identified), and the specificity was 

89%,, both values relative to the subtype as assigned after sequencing and phylogenetic 

analysiss (see figure 1). Two isolates were wrongly detected in our assay, of which one 

wass a subtype C isolate, C2220 that reacted positively with both the subtype A/CRF AG 

andd subtype C molecular beacons, and one was a subtype D isolate that reacted with the 

subtypee B molecular beacon. For our specificity analysis, the subtype C isolate was 

scoredd as correctly identified, since it reacted also with the subtype C molecular beacon. 

TheThe linear relationship between the amount of input RNA and the time-to-positive signal 

forfor each of the subtypes A/CRF AG, B, C and CRFAE isolates 

Too analyze the semi-quantitative aspect of the subtype discrimination assay, one 

isolatee each of the subtypes A, B, and C, as well as a CRF AE isolate, was taken and 

testedd in ten-fold serial dilutions. The input of RNA molecules was assessed by an LTR-

basedd real-time monitored HIV-1 assay, which was a broad-subtype HIV-1 RNA 

quantificationn assay.30 For the subtype A, B, and C isolates, there was a linear 

relationshipp between input RNA and time-to-positive signal in each case with 

approximatelyy 1035 to 107S copies of viral RNA molecules per reaction. The assay had a 

lowerr detection level of approximately 103 copies viral RNA per reaction. For the CRF AE 

isolate,, the time-to-positive signal occurred later than with other subtypes, despite a 

similarr change in input of RNA copies per reaction, indicating that either the amplification 

orr the detection of the CRF AE isolates was less efficient. 
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Figuree 3. Amplification curve of one subtype A, B, C, D and CRF AE isolate as detected with the subtype C 
molecularr beacon (A.) before enhancement of specificity. Amplification curve of the same isolates, as 
detectedd with the more specific subtype C molecular beacon (B.). In both panels, the subtype C isolates 
aree plotted with a heavy line. 

ClinicalClinical evaluation of the subtype discrimination assay 

Wee tested a panel of 50 serum samples, encompassing the subtypes A (5), B (9), 

CC (7), D (9), F (1), G (6), and CRFs AE (2) and AG (11), as determined by sequencing 

andd phylogenetic analysis of a part of the gag gene (figure 1). These samples have been 

describedd before30 and all contained detectable amounts of HIV-1 RNA based on an LTR-

basedd real-time monitored HIV-1 RNA assay or the NucliSens HIV-1 RNA QT assay. 

Off the 16 subtype A and CRF AG viruses in serum, 2 subtype A viruses and 2 CRF 

AGG viruses (ranging from3.0 to 3.8 logio RNA copies per input) were positive with the 

subtypee A/CRF AG molecular beacon. The 3 negative subtype A viruses and 9 negative 

CRFF AG virus had input RNA levels ranging from <1.7 to 3.5 log10 copies per reaction. Of 

thee 9 subtype B viruses, 5 were positive (RNA levels between 2.4 to 3.3 logio copies RNA 

reaction)) with the subtype B molecular beacon, and 4 were negative with RNA levels 

betweenn 2.3 to 3.7 logio copies per reaction. Of the 7 subtype C viruses, 4 were positive 

withh the subtype C molecular beacon, with RNA levels between 2.3 to 2.8 logio copies per 

reaction.. For the 3 negative sera that contained subtype C viruses, the input was 1.6, 

1.8,, and 4.8 logio copies RNA per reaction, respectively. The two CRF AE viruses (2.2 and 
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2.33 log10 copies RNA input) were both not detectable with the CRF AE nor any molecular 

beacon.. One subtype D virus reacted with the subtype A/CRF AG molecular beacon. 

CC c * c l e g Cyc* 

Figuree 4. Amplification curves of the various isolates from a panel of culture supernatants of the HIV-1 
subtypess A, B, C, CRF AE and AG. Depicted are the isolates that reacted (black lines) with the molecular 
beaconss for subtype A/CRF AG (A.), subtype B (B.), subtype C (C.) and CRF AE (D.), including a 
representativee non-reactive isolate from each subtype (grey lines). 

Takingg all the samples together, 13 out of 14 positive samples (92.9%) were 

identifiedd in the subtype identification assay with the same result as by sequence 

analysis.. All these isolates contained viral RNA levels in the range between 2.3 and 3.8 

logioo copies per reaction. In total, 34 samples were identified as subtype A, B, C, or CRF 

AEE or AG based on their sequence, and 21 of these 34 (62%) could not be detected by 

thee subtype identification assay. These 21 samples contained viral RNA levels between 

<1.00 and 4.8 with a median of 2.2 logio copies RNA per reaction. In summary, on this 

panell the sensitivity of the assay was 38%, with a specificity of 94%. It should be noted 

thatt one of the correctly identified subtype C isolates was positive also with the subtype B 

molecularr beacon, whereas one subtype B isolate reacted with both the subtype B and 

subtypee C molecular beacons. For the sensitivity and specificity analysis, these samples 

weree scored subtype C and subtype B, respectively. 
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AnalysisAnalysis of mismatches for molecular beacons in preclinical and clinical evaluation 

Thee two samples that yielded false positive results were one subtype D virus 

isolatedd from culture supernatant that reacted with the subtype B molecular beacon and 

onee subtype D virus isolated from serum that reacted with the subtype A/CRF AG 

molecularr beacon. The sequences of the target region of these two isolates were analyzed 

forr mismatches with the molecular beacon hybridizing regions. The sequence of the 

culturedd subtype D Isolate contained no mismatches with the subtype B molecular 

beacon.. The subtype D serum sample also showed no mismatches with this molecular 

beacon,, although the design of the subtype A/CRF AG molecular beacon was targeted at 

aa minimum of two mismatches. Therefore, based on their sequences, those isolates 

rightlyy reacted with the subtype B and the subtype A/CRF AG molecular beacons, and 

weree thus not wrongly identified. As for samples that were not detected at all, either the 

virall RNA levels were below the detection level of the assay (103 copies RNA per 

reaction),, leading to negative results, or the amount of mismatches between target 

sequencess and molecular beacons exceeded two, prohibiting hybridization of the 

molecularr beacons. 

DISCUSSION N 

Wee have developed a one-tube subtype identification assay that can successfully 

determinee and discriminate HIV-1 viral isolates belonging to the subtypes A, B, C, or CRF 

AEE or AG. The assay is based on NASBA amplification technology631161 in combination with 

molecularr beacon probes for real-time monitoring of the amplification reaction and 

discriminationn of the sequences. Discrimination was achieved by adding to the reaction 

fourr different subtype-specific molecular beacons, each labeled with its own distinct 

fluorophore.. The reactions were monitored in an ABI7700 that was able to separate the 

specificc signals from the various molecular beacons after they had hybridized to their 

target.154'1688 Each molecular beacon was designed to hybridize with isolates from one 

specificc subtype. The subtypes A and CRF AG, which are genetically closely related and 

identicall in the molecular beacon hybridizing sequence, could not be discriminated from 

eachh other but were distinguishable from any of the other isolates. 

Byy introducing a non-specific mismatch into the hybridizing sequence of the 

molecularr beacons for subtype A/CRF AG and subtype C isolates, we were able to 

enhancee the specificity of these beacons. Without this mismatch, the subtype C beacon 

couldd hybridize with any subtype isolate we tested in the development phase, and the 

subtypee A/CRF AG beacon could hybridize with subtype C isolates as well as A/CRF AG. 

Byy introducing a nucleotide to create a second mismatch for any of the non-A/CRF AG or 
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non-CC isolates, respectively, we enhanced specificity because the two or more 

mismatchess between beacon and non-target were within a short distance of only 2-3 

nucleotidess from each other. This approach can be used to enhance specificity in other 

hybridizationn protocols, for example, in the design of PCR or RT-PCR primers, Taqman 

probes,, and sunrise primers. Tyagi et al. reported that molecular beacons are well suited 

too distinguish between two sequences based on only one nucleotide difference.154 Our 

assayy allows one mismatch in the hybridizing sequence of the molecular beacon most 

likelyy because of the relatively low temperature at which the NASBA reactions were 

performed.. This temperature was 41 degrees C, but because of the presence of 15% 

DMSOO in the reaction, the effective temperature for primer annealing and molecular 

beaconn hybridization was 48.5 degrees C (2.5 degrees for each additional 5% of DMSO). 

Mismatchess in hybridizing sequences of primers and probes become more critical at 

higherr temperature, which was the case for the results of Tyagi et al. with molecular 

beaconss that could distinguish based on only one nucleotide."4 

Completee or partial sequencing of genes followed by phylogenetic analysis and 

interpretationn (see figure 1) is the gold standard for subtype determination. Another 

frequentlyy used but time-consuming technology with a difficult read-out system is the 

heteroduplexx mobility assay (HMA).40;7  Whereas subtype assignment by sequencing 

followedd by phylogenetic analysis or by HMA requires a large part of a gene or even the 

completee gene for significant findings, subtype assignment by our subtype identification 

assayy requires only a small part of the gag-gene. In this new assay, the part that was 

amplified,, including primer regions, encompassed 212 bases and was even smaller if we 

tookk only the area where the molecular beacons hybridized (94 bases). The sensitivity of 

thee subtype identification assay was 92% for a panel of viral supernatant cultures, with a 

specificityy of 89%. The viral RNA levels of this panel all exceeded 105 copies per reaction. 

Testingg a panel of clinical serum samples, in which the viral RNA levels were between 101 

andd 105 copies per reaction, resulted in 38% sensitivity and specificity of 94%. The 

differencee in the sensitivity numbers betweeen the two panels was due mainly to the 

lowerr viral RNA levels in most of the clinical samples relative to the cultured isolates. The 

specificityy was molecular beacon-dependent and for both panels had a similar range of 

90-95%. . 
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Wee found three discordances between the results of subtype assignment by 

sequencingg followed by phylogenetic analysis and the results of our subtype identification 

assay.. Both a subtypee C and a subtype D isolate were detected with the subtype A/CRF 

AGG molecular beacon, and one subtype D isolate was detected with the subtype B 

molecularr beacon. Based on the analysis of the sequences, all of these isolates reacted 

correctlyy with these molecular beacons, since there were no mismatches besides the 

generall mismatch that was introduced for enhanced specificity of the subtype A/CRF AG 

molecularr beacon. Therefore, the discordances do not reflect a mistake in either the two 

methods,, but instead emphasize the difference between the technologies used in 

sequencingg followed by phylogenetic analysis and those used in the subtype identification 

assay. . 

Thee lower detection level of the new assay is approximately 103 copies RNA per 

reaction,, making it less sensitive than assays developed specifically for very sensitive 

RNAA detection.19;29;45;1U The primers used in the subtype identification assay have been 

usedd and characterized extensively, and their sensitivity reportedly allows detection 

beloww 10 copies RNA per reaction.111 Therefore, the decrease in sensitivity between what 

iss possible with these primers and what we obtained must occur the detection step, most 

likelyy because of data reduction. Each of the four fluorescence signals had to be extracted 

fromm the entire measured spectrum. Since the signals overlapped each other in the 

emissionn spectrum, the extraction algorithms considerably reduced the specific signal 

emittedd by each fluorophore. Therefore, we hypothesize that using multiple fluorophores 

withinn one reaction in the specific context of the ABI7700 caused the low sensitivity of 

thee assay. The loss of sensitivity due to data reduction could perhaps be mitigated bythe 

usee of four fluorophores that differ markedly in their emission spectrum. Using a filter-

basedd fluorimeter, these spectra could than be extracted from each other without 

applyingg a data reduction algorithm, resulting in improved sensitivity over the use of the 

ABI7700. . 

Sincee the primers that we used for the amplification reaction were tested in 

severall other studies,29;111;161;163 we could apply part of the resulting data to our assay. 

Forr example, these primers were shown not to amplify HIV-1 related viruses, like HIV-2, 

HTLV-1,, and HTLV-2. Because we used the same primers and additionally a highly 

specificc molecular beacon, we did not test our assay for cross-reactivity with any of these 

viruses,, being highly confident that no amplification of such viruses would occur. 
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AA major focus of HIV-1 research within the next decade will be the development of 

onee or more vaccines that have broad-subtype coverage. Such a vaccine preferably would 

bee not only prophylactic, but also therapeutic by downwards modulating the viral RNA 

levelss of the infected individual, thereby preventing vertical and horizontal transmission 

ass well as delaying disease progression.37;56;79;100;101;125 To test vaccines as well as 

mother-to-childd breakthroughs, the detection of HIV-1 RNA is the most accurate and 

reliablee method. If broad-subtype coverage is being investigated, a fast and relatively 

cheapp way of subtype determination like our subtype identification assay might be 

helpful. . 

Inn summary, we have developed an HIV-1 subtype identification assay that can 

accuratelyy determine the presence of subtype A, B, C, and CRF AE or AG viral isolates in 

culturee supernatant or in the serum or plasma of infected individuals. Besides the 

relevancee of this assay for clinical diagnostics, it may assist in interventions aimed at 

blockingg virus transmission. This latter area is particularly important since the majority of 

HIV-infectedd people worldwide will never benefit from antiretroviral drug therapy. Finally, 

thiss paper is the first that shows the use of four different molecular beacons that all 

hybridizee within their specific context to a similar amplicon, which is generated by the 

usee of only one primer pair for all targets. We have shown that existing molecular 

diagnosticc tools can be combined with state-of-the-art technology to improve and expand 

clinicall diagnostics in existing and new fields. 

Acknowledgement s s 

Thee authors would like to thank Maaike van Doom, Ingrid van Schaik and Irene 

Bosboomm for excellent technical assistance. We are grateful to Dr. Tony de Ronde for 

criticall reading of the manuscript and many helpful discussions, and to Lucy Phillips for 

editoriall review. 

Thee YBF30, group N isolate that was isolated by Dr. F. Simon, Hopital Bichat, 

Paris,, France, was obtained from the NIBSC Centralised Facility for AIDS Reagents 

supportedd by EU Programme EVA (contract BMH 97/2515) and the UK Medical Research 

Council. . 

I l l l 



112 2 



f. f. 

K ff  " 

(:(:  'J 

CHAPTERR 8: 

DISCUSSION N 

? ? 

i i 



Rational e e 

Thee scope of this thesis has been on the impact of genetic variation and variability 

betweenn the various HIV-1 groups, subtypes, and isolates on molecular diagnostics. 

Geneticc differences and similarities have resulted in a classification system that is 

continuouslyy subject to adaptation in the light of new information and findings. Although 

thee majority of the content of this thesis reviews genetic variation and variability in the 

perspectivee of assay development and technology, the amount of sequences we obtained 

duringg this research have had a small spin-off in the field of HIV-1 evolution as well. In 

thiss general discussion chapter, the impact of HIV-1 genetic diversity on molecular 

diagnostics,, understandably, will be discussed, as well as the (future) evolution of HIV-1 

basedd on the subtype and cluster specific genetic features as we described in chapter 3. 

Additionally,, the impact of genetic variation and variability on vaccine development will 

bee discussed. 

HIV-11 evolutio n 

Thee various HIV-1 group M subtypes seem to have evolved from one common 

ancestorr (chapter 1 and 52). Variability between the subtypes is influenced by several 

virall and host factors. The main viral factors that are responsible for generation of 

variationn are major errors made by the reverse transcriptase and recombination between 

subtypess and isolates of HIV-1.124J I31J133 Host factors that possibly contribute to inter- and 

intra-subtypee variation are determining selection from a pool of genetically variable 

isolatess during transmission. Attacks of the virus by the host immune system can result 

inn further selection. Probably there are still a number of unknown host factors that 

contributee as well to the high number of different viral isolates circulating throughout the 

bodyy and present in the world. 

HIV-11 has evolved since its introduction in the human population, and this 

evolutionn is still going on. An interesting question that arises is where is this evolution 

going?? Viral evolution does not have a goal, but is a resultant of factors that act on the 

viruss and the host in any way. The hypothesis for the evolution of SIV is that the virus 

wass introduced into the population of monkeys long time ago, and that during the years, 

thee virus has changed, as well as monkeys have adapted in a way that the virus is less or 

nott pathogenic. This is observed for SIV variants that are harmless in their African host, 

butt are harmful in Asian monkeys. Is HIV going the same way? Is the virus selected for 

lesss pathogenic variants or is the human population been selected for the most resistant 

personss to survive before we can control the pandemic and the disease? These are 

interestingg questions on which no answer is known yet. 
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Ann important part of the evolution of HIV-1 was the separation of several distinct 

subtypess from the common ancestor (chapter 1 and 52). Since the discovery of genetic 

variationn between HIV-1 isolates and the genetic classification, scientists have been 

interestedd in the HIV-1 subtypes and groups. Several studies have focussed on possible 

differencess and similarities between subtypes and groups. The question arises: are there 

biologicall distinctions between subtypes? 

AA number of reports indicate that there are differences in the biology between the 

variouss subtypes. A difference in susceptibility of infection of Langerhans' cells was 

suggestedd for the subtype B, C, and CRF AE viruses.144 This distinction suggested an 

influencee on heterosexual transmission, as these cells are involved in vaginal 

transmission,, and was considered a possible reason for the rapid (heterosexual) spread of 

CRFF AE viruses in Thailand. These findings have not been substantiated by other studies 

though.120;121 1 

Anotherr reported difference between subtypes is for example the higher frequency 

off SI variants among subtype D viruses relative to the other subtypes, and the relatively 

loww amount of SI variants for subtype C viruses. In addition, subtype C viruses have been 

reportedd to hardly ever use CXCR4 as a co-receptor, while a substantial part of the viral 

isolatess of the other subtypes can infect cells carrying this CXCR4 molecule.153 

Too get an impression of the genetic variation within the target of most of the 

developedd diagnostic assays, we have analyzed the LTR-sequences of the various 

subtypes.. To classify the viruses, we assigned subtypes to LTR sequences in analogy to 

thee gag subtype assignment of sequences from the same viral isolates. Recombination 

betweenn the LTR and gag had occurred for 7 out of 82 viral isolates,26 which is in line 

withh reported recombination between other parts of the genome.133 In agreement with 

earlierr reports, we described several subtype specific features in the long terminal 

repeatss (LTR), for example a subtypee specific secondary structure of the TAR hairpin for 

alll group M subtypes confirming a previously noted CRF AE specific TAR hairpin structure. 

Thee TAR element is a highly conserved stable stem-loop structure that is required for Tat-

mediatedd trans-activation of HIV-1 gene expression, and the Tat-TAR interaction may 

influencee the rate of disease progression. Based on these and reported findings about the 

diversityy in the configuration of important regulatory regions in the LTR,103 ;104 ;166 we have 

conductedd a study on LTR-related subtype specific differences in replication capacity and 

regulation.. We replaced the promoter region from a subtype B virus by promoter regions 

fromm other subtypes. Due to the exchange of the subtype specific promoter region some 

off these chimeric viruses became relatively faster replicating viruses in certain cell-types 

thann other chimeric viruses and the original subtype B isolate.78 This indicated that the 
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differentt subtypes could adapt to acquire a phenotype with a cell specific enhanced 

replicativee capacity, and that this might occur via recombination of the LTR-region. There 

iss always a bias in such in vitro results though, as it is never clear what the 

representativee strain is for a subtype. Therefore, from these experiments it is impossible 

too conclude that a certain subtype has an advantage in specific cell-lines or cell-types; or 

inn a broader context, is preferentially suited for, e.g., heterosexual transmission. 

AnAn evolution model based on the LTR of HIV-1 subtypes 

Thee LTR contains several promoter sequences that are influencing viral replication. 

Basedd on the data as described in chapter 3 of this thesis, I have drawn a model that 

relatess the depicted subtype-specific differences and similarities in the LTR and PBS to an 

HIV-11 gag-subtype evolutionary tree (Figure 1). This subtype evolution is based on the 

commonn ancestor theory, which includes that all HIV-1 subtypes from the M-group have 

evolvedd out of one common ancestor. In addition, I assume that LTR regulatory elements 

andd other regions of the HIV-1 genome are functionally intertwined, e.g. the tar or pol 

gene.. The gag subtype is arbitrarily chosen as a representative for the HIV-1 genomic 

subtype.. In this tree, a distinction is made between events that occurred in all sequences 

off a subtype or subgroup (marked with boxes) and events that occurred in a majority of 

subtype-- or subgroup-specific sequences, but were subordinate to variation (marked with 

circles).. Several events were fixed within subtype lineages and described in chapter 3 of 

thiss thesis, while other events were not fixed (yet) and might still be evolving towards a 

fixedd subtype-specific feature. Described were the lack of a TATA box in subtype A, H, 

andd CRF AE viruses and a 2 nt TAR hairpin bulge in subtype A and CRF AE viruses instead 

off a 3 nt TAR hairpin bulge for the other subtypes (see also figure 2). Moreover, a third 

NF-KBB site in subtype C viruses, specific, non-consensus E-boxes for subtype G and CRF 

AEE viruses, the gain of a TATA (-110 bp) box as well as the gain of a GABP site for 

subtypee CRF AE viruses were included in the model. We have shown that the gained 

TATAA (-HObp) box of latter viruses is not functional though.78 One could speculate that 

thee events that were subordinate to variation between and within subtype lineages are 

stilll evolving, by selection, into a determined landmark, or here, a subtype mark. 

Exampless of such landmarks could be the formation of a subtype-specific TAR variant (as 

depictedd in figure 2) and the duplication of the TCF-la site and PBS motif. The changes in 

thee regulatory elements that were fixed in one or more subtypes might indicate an 

adaptationn of the virus to specific influences. The model assumes that changes in the LTR 

andd PBS have occurred and are occurring to facilitate optimal regulation of viral 

replication.. Indeed (see previous paragraph), we have shown that the differences in LTR 
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promoterr sites contribute to a (slight) differentiation at the level of transcription and viral 

productionn 78. These studies support the hypothesis that subtype specific features are 

distinguishablee within groups of viruses, either via stochastic events or via evolution by 

selectionn and viral competition. My hypothesis would be that such evolution is still going 

on,, to facilitate optimal regulation of viral replication as part of an optimal viral lifecycle 

includingg transmission and spread in the population. In that context, adjustment of 

subtypess to specific cell types within the host- and cell-specific environment would be a 

likelyy scenario. 
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[ 00 = lack of TATA (-30bp) box 

| 2 || = 2 nt TAR hairpin bulge 

| 3 || = specific, non-consensus E-box motif 

R ll = gain of TATA (-120bp) box and 
gainn of GABP site 

( DD = duplication PBS motif 

I T !! = additional NF-KB site 

Q yy = duplication TCF- la site 

Figuree 1. Phylogenetic tree based on HIV-1 gag sequences, depicting the establishment of subtype-specific 
sequencee motifs in the LTR. Numbers in boxes are related to sequence motifs that are found in all isolates 
thatt it refers to, while numbers in circles are related to sequence motifs that are found in the majority of 
thee subtypes specific sequences. 
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Figuree 2. TAR RNA secondary structure model for each subtype. The black boxes mark the nucleotide changes 
observedd in the majority of the individual subtypes in comparison to the HIV-1 LAI, subtype B model.8 

Thee nucleotides that are indicated next to the stem-loop structure represent subtype-specific bases that 
weree found more than once, but not in the majority of sequences. 
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Implication ss of geneti c diversit y for HIV-1 molecula r diagnostic s 

Becausee of the high level of intra- and inter-individual genetic variation and 

variability,, HIV-1 viruses can be compared with snowflakes: not one isolate is identical to 

thee other, although they look similar. Variation Is less high at the amino acid level than 

att the nucleic acid level, which aspect is used in molecular diagnostics for detection of 

virall antigens and/or immune responses against viral antigens. Antigen or antibody 

detectionn is less hampered by variation between isolates, subtypes, and groups than 

nucleicc acid diagnostics. We have observed this, amongst others, during the development 

off the p7-assay (chapter 2). Variation between subtypes and groups of HIV-1 did not 

hamperr the detection or sensitivity of this assay.28 There are several reasons for the fact 

thatt antigen detection assays are less frequently used these days. The amount of HIV-1 

antigenss present in serum or plasma of an infected individual was used as a marker that 

reflectss the amount of viral particles in these biological fluids. The assessment of the 

amountt of viral particles has become important to predict disease progression. In 

addition,, it reflects the effects of antiretroviral therapy. Since antiretroviral therapy has 

beenn introduced, HIV-1 diagnostics has changed its focus. Changes in the amount of viral 

particless between different time-points had to be detected to evaluate therapy efficacy, 

andd the detection levels of the assays had to become lower since therapy became more 

andd more potent. Unfortunately, the sensitivity of antigen assays that is needed to 

accuratelyy monitor therapy effects was also not enough, i.e. the p7-assay.28 Another 

mainn disadvantages of antigen detection assays is that gradually during the course of 

infection,, the correlation between the amount of viral particles and the amount of 

measuredd antigen is becoming low. Disturbance of this correlation is due to shedding of 

antigenn that is not incorporated into the viral particle, into the circulation, and due to 

antibodyy responses against the antigens, which hamper accurate quantification or even 

detectionn of the antigen. In summary, lack of correlation between the amount of viral 

particless and antigen levels in serum or plasma, combined with lack of sufficient 

sensitivity,, have pushed the field of diagnostics to use technologies that can fulfill these 

requirements. . 

Quantitativee nucleic acid diagnostics, in particular viral RNA assays, have become 

highlyy important in current HIV diagnostics, because they can meet the required 

sensitivityy for therapy evaluation, and there is a proven high correlation between the 

amountt of viral particles and the measured amount of viral nucleic acids. Therefore, the 

virall RNA level in serum or plasma is the best predictive marker for disease progression 
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andd is the best way to monitoring therapy effects. An additional advantage is that 

detectionn of viral RNA is the sole evidence for mother-to-child transmission, since 

maternall antibodies give false-positive results in the antibody screening assays. As 

result,, the antibody screening assays could only be performed with a high degree of 

accuracyy later than 18 months after birth when the maternal antibodies have 

disappeared. . 

Whereass before each subtype had more or less its geographical restrictions, the 

subtypess have spread globally and nearly every subtype can be found in higher or lesser 

frequenciess all over the world. Together with this global spread of the various subtypes, 

geneticc variation and variability increased both intra- and inter-subtype. And now therapy 

thatt generates resistance conferring, naturally not occurring mutations, has become 

availablee in any part of the world, albeit still at small scale in Asia and Africa, the global 

geneticc variability will only increase more. In the near future when vaccines are becoming 

availablee or are being tested, the host immune selection will also contribute to the 

existencee of escape mutants with higher genetic variability as a result. The increasing 

presencee of the subtype variants and the increasing genetic variation and variability had 

aa major impact on nucleic acid diagnostics. Primers and probes that were necessary for 

amplificationn and detection of viral RNA circulating in industrialized countries, where such 

assayss were developed, did not fit or fit less well on the various subtype isolates. In 

specificc the enzymatic amplification assays that used primers and probes to amplify the 

targett had problems with the mismatches between some subtype targets and the primers 

orr probes. For the NucliSens HIV-1 QT RNA assay (Organon-Teknika, Boxtel, the 

Netherlands),, this resulted in underestimation of the amount of subtype A and CRFs AE 

andd AG viral RNA and no detection of subtype G and group O viral RNA. For the Amplicor 

HIV-11 RNA vl.0 assay (Roche Molecular Diagnostics, Branchburg, NJ), these problems 

weree similar because the primer and probe locations were nearly identical. A later version 

off the Amplicor assay though, the Amplicor HIV-1 RNA vl.5 assay, could accurately 

quantifyy all subtypes of group M but could not quantify group O viral RNA. The only 

commerciallyy available hybridization assay, the Quantiplex v3.0 (Bayer Diagnostics, 

Germany),, could accurately quantify all group M isolates, and could detect but not 

accuratelyy quantify group O viruses.173 For the group N isolates, no data have been 

publishedd thus far for any of those assays. 

Accuratee quantification of viral RNA of any subtype and group has become very 

important,, for the reason that all subtypes have spread worldwide, and nucleic acid 

diagnosticss have become available all over the world, and are not restricted any longer to 

countriess where subtype B is the most prevalent subtype. Parallel to the introduction of 

120 0 



alll subtypes anywhere in the world, each subtype becomes subject to anti retroviral 

therapyy as well. Besides the first line patient care, assays like those are necessary as well 

too evaluate current and new drugs in their ability to have an antiviral activity against all 

subtypes.. One of the aims of our clinical research was to investigate similarities and 

differencess in the effects of existing therapy among the various HIV-1 subtypes, using 

nucleicc acid diagnostic assays. And last but not least, broad subtype reactive assays are 

veryy necessary in basic science, for example to study possible pathogenic differences 

betweenn the various subtypes. Therefore, one of our first goals was to design an HIV-1 

RNAA quantification assay that was able to detect and quantify all HIV-1 subtypes and 

groups,, based on NASBA technology. 

Too improve the subtype reactivity, we selected a region within the HIV-1 genome 

thatt was highly conserved for all subtypes, including the group N and O viruses. This 

regionn was located in the 5' LTR. Sequence analysis of the LTR of a large cohort of 

infectedd individuals with any subtype of the M-group revealed that this part of the HIV-1 

genomee contains highly conserved parts, specifically the functional regions within the 

LTR.266 In first instance, we developed an assay that could accurately quantify viral RNA 

levelss of all group M subtypes and could detect viral RNA of group 0. This assay was 

basedd on separate amplification and detection steps.29 Detection was performed using 

linearr probes that were labeled with an electrochemiluminescent reporter.9186 Whereas 

thee NucliSens HIV-1 RNA QT assay amplifies a part of the gag gene, together with 3 

calibratorr molecules within one reaction,163 we showed in these experiments that similar 

accuratee quantification could be obtained by co-amplifying only one calibrator molecule. 

Thee calibrator molecule was designed to amplify with equal efficiency as subtype B viral 

RNA.. Primers and probes fitted perfectly on both subtype B viral RNA (wild-type RNA) 

andd calibrator RNA (Q-RNA). If viral RNA from other-than-B subtypes was co-amplified, 

primerr mismatches could negatively influence the amplification efficiency of the wild-type 

virall RNA, leading to underestimation of the amount of viral RNA. A big advantage of 

NASBAA is that it is hardly sensitive for a few mismatches, although that this property 

dependss on the primer length and the position of the mismatches within the primers 

(unpublishedd data). The separate detection step involved a hybridization step at C 

withh linear probes. These probes, because of the low hybridization temperature, also are 

nott extremely sensitive for one or two mismatches. Therefore, the gap-based assay was 

ablee to efficiently amplify and accurately quantify most HIV-1 isolates, but still 

underestimatedd or even missed some. In recent, published and unpublished studies, we 

havee shown that the LTR is superior above the gag gene for development of broad 

subtypee reactive nucleic acid diagnostics (29, chapter 6, and unpublished data). 
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Thee previously described, broad subtype assay, based on the LTR, was still not 

ablee to accurately quantify group O viruses. The amplification of this group of viruses was 

similarlyy efficient with the LTR primers as isolates from the M-group. For the detection 

step,, a slightly adapted version of the LTR-based assay was designed. A highly accurate 

assayy for group O ANT-70-like isolates was the result, which was used in a retrospective 

clinicall study to the effects of anti retroviral therapy in two HIV-1 group O infected 

individualss (ANT70 and her partner), as monitored by the viral RNA levels. 

Inn the meantime, modern, state-of-the-art technology had made it possible to 

designn a high-throughput version of the LTR-based HIV-1 viral RNA assay, in which the 

previouslyy separate detection step was replaced for real-time detection by fluorescent 

reporterr probes (molecular beacons) within the same tube. These molecular beacons are 

oligonucleotidess with a stem-and-loop structure, labeled with a fluorescent reporter on 

onee site and a dark quencher on the other site.154 Due to the stem-and-loop structure, a 

significantt difference in design is applied compared to the linear detection probes as used 

inn our other assays. These stem-and-loop structures are more sensitive to mismatches 

betweenn the target and the hybridizing region of the molecular beacon when compared 

withh linear probes. This summarizes instantly the major drawback of design as well: to 

hybridizee with high efficiency, highly conserved regions within the target need to be 

presentt and found. To decrease the sensitivity of the molecular beacons for one mismatch 

inn the hybridizing region, less specific nucleotides (e.g. inosines) can be incorporated at 

thee position of the hybridizing mutant target nucleotide. 

Inn summary, we have shown that the impact of subtypes in the field of HIV-1 

nucleicc acid diagnostics is significant, specifically due to genetic variation and variability 

inn amplified regions of the HIV-1 genome between the various subtypes and groups. 

Particularlyy since the viral subtypes and groups have spread world-wide, with less strict 

geographicc localization, and the increasing genetic variability, broad subtype reactive 

molecularr diagnostic assays are necessary, to accurately assess viral RNA levels as part 

off optimal first line patient care. 

Thee globa l futur e of HIV-1 molecula r diagnostic s 

Futuree diagnostic assays that are to be developed for a global market will have to 

focuss on the global availability of cheap and reliable diagnostic tools to reach the most 

optimall patient care under the available circumstances. The awareness of HIV positivity 

togetherr with good prevention campaigns that are directed against the spread of the 

virus,, are the two most influencing factors to halt the epidemic. The determination of 

HIV-11 positivity is most often performed using a combination of antibody- and antigen 
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detectionn assays, together with western blot assays. Such diagnostic assays are available 

alll over the world, are cheap and easy to perform. 

AA major problem is the determination of HIV-1 positivity for newborn children. The 

antibody-- and antigen screen assays cannot be used, since maternal antibodies present 

inn the infants' circulation up to 18 months after birth hamper the results. The only direct 

evidencee for the presence of an HIV-1 infection is the presence of HIV-1 nucleic acids, 

likee RNA or DNA. Therefore, widespread availability of (qualitative) HIV-1 RNA assays is 

needed,, which can reliably detect isolates of any HIV-1 subtype or group. Due to the 

largee difference in resources, the nucleic acid based assays are currently only widely 

availablee in the industrialized and not in the developing countries. As far as sheer 

numberss of mother-to-child transmissions are concerned, the developing countries are in 

mostt need for these expensive nucleic acid based assays. 

Anotherr area that requires viral RNA assays, which can reliably detect isolates of 

anyy HIV-1 subtype or group is vaccine research and development. Three different 

strategiess are applied to the development of a vaccine. The first one is the development 

off a prophylactic vaccine, which completely blocks transmission of HIV-1 of any subtype 

orr group. The second is the development of a therapeutic vaccine, which boosts the 

immunee system, so the infection can be controlled by specific immune responses from 

thee host against the virus. Controlling will be mainly by down-modulating viral RNA 

levels,, which has a similar effect as drug therapy: delayed progression of disease and 

decreasedd horizontal and vertical transmissibility 56;12S. In analogy to that, the third 

strategyy for vaccine development is a vaccine that does not block transmission 

completely,, but that down-modulate the infection, by keeping viral RNA levels low due to 

hostt immune responses. The effects are similar as a therapeutic vaccine. For any of these 

vaccinee strategies, viral RNA assays are needed that can reliably detect and quantify HIV-

11 RNA levels. For prophylactic vaccines, the presence of HIV-1 RNA is evidence for 

vaccinee breakthrough, whereas for the other two types of vaccines the HIV-1 RNA levels 

reflectt the effects of the vaccine. 

Forr the currently available HIV-1 viral assays, sophisticated laboratories with 

highlyy skilled technicians are required, which both are not often available, if at all. 

Besidess that, in previous section we have discussed that most assays underestimate viral 

RNAA of certain subtypes. Overall, it means that new diagnostic assays should be 

developedd that are cheap, easy to use, and still highly reliable with regard to subtype 

detectionn and quantification. Thiss probably needs development of completely new 

systemss and technologies, for 1) RNA isolation, 2) RNA amplification, and 3) amplicon 

detection.. Several companies and academic institutions are working hard on one or more 
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off any of those three aspects, in order to create inventive new diagnostic assays that 

meett the current and future requirements. One of the assay types we work on ourselves 

involvess RNA amplification using NASBA technology, which can take place in a cheap, 

temperature-regulatedd waterbath, together with a new line-probe detection technology 

(figuree 3). This detection technology uses probes that are labeled with a dye that is 

visiblee by eye and immobilizes the amplified product at a specified position of a strip. A 

coloredd dot at that position of the strip will only be visible if viral RNA was present in the 

initiall sample. Such an assay suffices for a positive-negative discrimination, is fast, does 

nott need any instrumentation and is very simple to perform. Isolation methods for RNA in 

ann easy, non-laborious and cheap way are being developed. One-step isolations of nucleic 

acidss from serum using columns or salts are preferred in these methods. 

Figuree 3. Example of a combination of NASBA amplification technology with a new line-probe detection 
technology.. See text for details. 

Inn short, either for the industrialized countries, but surely as well for the non-

industrializedd countries, a lot of effort should be made in the near future to create 

diagnosticc tools for effective and reliable monitoring of HIV infection. The assays 

describedd in this thesis fulfill already the requirements of wide-subtype reactivity, low-

costs,, and easy performance. A combination of prevention campaigns, prophylactic and 

therapeuticc vaccines, worldwide availability of antiretroviral drugs and good patient 

monitoring,, should halt and preferably return the increasing proportions of the HIV 

pandemic. . 

Concludin gg remark s 

Inn the highly dynamic area of HIV research and development, people are 
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concentratingg on trying to find one main solution to prevent HIV transmission in the 

future:: a vaccine. Before this vaccine will appear and will be globally available, a lot of 

timee will pass. To bridge this time for those whom already have been infected, continuous 

effortt will have to be made in optimizing therapy and therapy strategies, as well as 

clinicall diagnostics, as well as making it globally available. New cheap and highly potent 

drugss will have to be explored, and the focus of clinical, molecular diagnostics should be 

onn making diagnostics cheaper, easier, faster, and better, as well as on finding early 

markerss for therapy/virological drug failure. 

Besidess the discussed aspects of therapy and monitoring, a worldwide focus on 

preventionn of infection, by means of prevention campaigns, should be a number one 

issue.. Awareness of the possibilities to prevent HIV transmission can already add much to 

thee halting of the HIV pandemic. 
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off the gag-gene of the viral genome. We showed that we could subtype-classify the 

virusess also based on the LTR sequences and found that in seven out of 60 isolates 

recombinationn between LTR and gag had occurred. Within the LTR, subtype specific 

featuress could be identified, as well as highly conserved regions that provided the 

opportunityy to develop an RNA assay that was able to detect and quantify all subtypes 

withh similar efficiency. 

Inn chapte r four , the performance and clinical evaluation of such an RNA assay 

thatt was based on the LTR region, was reported. This assay indeed could efficiently 

quantifyy all subtype isolates. It used four highly conserved regions within the HIV-1 LTR 

regionn for amplification and detection. The amplification technology was known as nucleic 

acidacid sequence based amplification (NASBA), which was highly suited for amplification of 

RNA.. In addition to the efficient quantification of all group M isolates, this assay could 

alsoo detect but not accurately quantify HIV-1 group O isolates. Therefore, we slightly 

modifiedd the detection probes from the LTR-based RNA assay, which resulted in a group 

OO specific assay. The performance of this assay was described in chapte r five , together 

withh the application of the assay in a retrospective study to the effects of antiretroviral 

drugg therapy in two HIV-1 group O infected individuals. The results of this study 

indicatedd that these individuals were susceptible to develop relatively rapid virological 

failuree for one of the classes of antiretroviral drugs, the protease inhibitors, possibly due 

too the genetic structure of this group of viruses. 

Onee of the advantages of the protein assays versus the RNA amplification assays, 

wass that protein assays were very fast and could be set up as high-throughput assays. It 

wass because of new technologies that this high-throughput assay was made possible for 

ourr type of RNA assay. Using the new detection technologies we could develop an RNA 

assayy that was able to accurately detect and quantify all known group M, N, and O 

isolates.. The assay was described in chapte r six and used exactly the same primer pair 

too amplify a part of the LTR as described in chapte r four . The difference was that the 

detectionn occurred in real-time, whereby amplified molecules were detected at the 

momentt of synthesis. The advantages of this system was that only one detection region 

wass necessary instead of two like in the previous assay format and that high-throughput 

upp to 96 samples per run was possible. Because no separate detection step was 

necessaryy any longer, the time between start and result was much shorter. An additional 

advantagee was that because of the closed tube format the risk for contamination was 

reducedd to a minimum. 

Geneticc variation as embodied by the subtypes, has become important for 

molecularr diagnostics, but also for the development of a vaccine that can prevent 
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infectionn with any subtype. Assays that can easily and fast identify the subtype of the 

isolatess are becoming important when large amounts of samples should be analyzed. In 

chapte rr  seven , we describe the performance of a fast real-time assay that could identify 

thee subtype of the tested isolate. Subtype identification was performed by detecting 

hybridizationn of subtype specific probes during the amplification of a fragment of the gag-

genegene of the HIV-1 genome. Each of the four probes in the reaction was specific for either 

subtypee A/CRF AG, subtype B, subtype C, or CRF AE isolates and was distinguishable by 

aa specific fluorescent label. This high-throughput assay would ideally for use in trials for 

interventionn strategies that are designed to halt both horizontal and vertical transmission 

off any HIV-1 subtype and in which large amounts of samples should be analyzed. Fast 

andd easy identification of the subtype after a breakthrough is necessary to evaluate the 

protectivee capacity of the applied intervention. 

Inn the last chapter, chapte r eight , the impact of the subtypes on molecular 

diagnosticss was discussed within the scope of the previous chapters. The aim of 

molecularr diagnostics, gathering a maximum of relevant information for optimal patient 

care,, forms the basis for future developments in this area. As already can be observed in 

thiss thesis, the emphasis for future molecular diagnostics will head towards assay formats 

thatt are faster, cheaper, less tedious, and easier to perform and that can be used in any 

laboratoryy worldwide, without the need for advanced equipment. 
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Omm RNA te kunnen meten, moet eerst een kleine regio van het HIV-1 genoom 

vermenigvuldigdd worden. Om een stukje RNA te vermenigvuldigen zijn twee primers 

nodig.. Het geamplificeerde RNA kan dan worden aangetoond met behulp van een of 

meerderee probes. Daarom moeten er afhankelijk van het aantal probes dat nodig is, 

minimaall drie gebieden in het RNA worden gevonden waar de primers en probes op 

passen.. Een gebied dat vrijwel identiek was, onafhankelijk van het subtype, werd in de 

longlong terminal repeat (LTR) regio van het HIV-1 genoom gevonden. In hoofdstu k dri e 

wordenn de overeenkomsten en verschillen tussen 60 LTR regio's van de verschillende 

subtypess A tot en met H en de CRFs AE en AG besproken. HIV-1 RNA uit serum van 

geïnfecteerdee individuen werd gebruikt om de nucleotide volgorde (sequentie) van de 

LTRR regio's te bepalen. De indeling in subtypes werd aan de hand van de genetische 

informatiee van een stukje van het gag-gen gemaakt. Analoog hieraan maakten we een 

soortgelijkee indeling voor de bepaalde LTR sequenties. Hierdoor vonden we dat zeven van 

dee 60 virussen recombinant waren, dat wil zeggen dat de LTR regio en het gag-gen ieder 

eenn ander subtype hadden. Voorts rapporteerden we subtype specifieke sequenties, 

alsmedee sequenties die vrijwel identiek waren voor alle subtypes. Deze identieke regio's 

bodenn de mogelijkheid om primers en probes te ontwikkelen voor een RNA test die alle 

subtypess even efficiënt kon meten. 

Dee karakteristieken van de subtype onafhankelijke RNA test zijn besproken in 

hoofdstu kk vier . Voor de test werden vier sequenties binnen de LTR regio die vrijwel 

identiekk waren voor alle subtypes gebruikt. Inderdaad kon de hoeveelheid virusvan elk 

subtypee even goed worden gemeten. De gebruikte technologie (NASBA) was bijzonder 

geschiktt om HIV-1 RNA te vermenigvuldigen. Naast het kwantificeren van RNA van alle 

subtypess van de groep M virussen kon de test ook groep O virussen aantonen. De test 

konn echter niet RNA van groep O virussen nauwkeurig kwantificeren. Om dit toch te 

bereikenn maakten we een nieuwe versie van dezelfde test waarvan de detectie probe was 

veranderd.. Hierdoor hadden we een test die zeer nauwkeurig de hoeveelheid groep O 

RNAA kon meten, hetgeen beschreven is in hoofdstu k vijf . Naast de testkarakteristieken, 

werdenn ook de resultaten van de effecten van een langdurige behandeling van twee 

groepp O geïnfecteerde individuen beschreven. Deze individuen faalden sneller in de 

behandelingg met zogenaamde protease remmers dan vergelijkbare individuen die met 

eenn subtype B HIV-1 geïnfecteerd waren. Een mogelijke verklaring zou het genetische 

verschill in virus kunnen zijn. 

Dee ei wittesten waren veel sneller uit te voeren dan de RNA testen, wat een groot 

voordeell was. Door de ontwikkeling van nieuwe technologieën, werd het mogelijk om 

onzee RNA test uit hoofdstu k vie r aan te passen tot een veel snellere test. Het resultaat 
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wass een test die alle bekende virussen van de groepen M, N, en O even nauwkeurig kon 

meten.. Deze test is beschreven in hoofdstu k zes. Het verschil met de vorige test was 

datt de detectie in real-time plaats vond, hetgeen zoveel wil zeggen als meten op het 

momentt dat de moleculen worden vermenigvuldigd. De voordelen van deze nieuwe test 

wass dat er slechts één sequentie nodig was voor een detectieprobe in plaats van twee en 

datt er 96 monsters per keer konden worden getest. Doordat er geen aparte detectiestap 

vereistt was, werd de uitvoeringstijd een stuk korter. Tevens werd het risico van 

contaminatiee terug gebracht tot een minimum, doordat de test buisjes gesloten konden 

blijvenn na het vermenigvuldigen van het RNA. 

Genetischee variatie zoals we die vinden tussen subtypes heeft niet alleen een 

grotee rol gespeeld in de moleculaire diagnostiek van HIV, maar zeker ook in de 

ontwikkelingg van een subtype-breed vaccin dat de wereldwijde epidemie onder controle 

kann brengen. Naarmate er meer getest wordt, neemt de noodzaak toe om over testen te 

beschikkenn die snel en eenvoudig het HIV subtype vast kunnen stellen. In hoofdstu k 

zevenn  bespreken we een real-time test die zeer snel het subtype kan bepalen, doordat 

dee detectie plaatsvindt met subtype-specifieke probes. Deze probes binden alleen aan de 

vermenigvuldigdee RNA moleculen als ze de RNA moleculen tegen komen van het subtype 

waarvoorr ze zijn ontworpen. Met vier probes in één reactie konden we met behulp van 

eenn uniek fluorescerend label aan iedere probe specifiek de subtypes A/CRF AG, subtype 

B,, subtype C, en CRF AE aantonen. Per keer konden vele monsters worden getest. 

Hierdoorr wordt de test uitermate geschikt om te onderzoeken wat de invloed van de 

verschillendee subtypes is op het succes van de verschillende methodes die horizontale en 

verticalee overdracht van HIV- virussen moeten remmen. 

Inn hoofdstu k ach t tenslotte, word de invloed van de subtypes op de moleculaire 

diagnostiekk nogmaals belicht, echter nu met de kennis van de voorgaande hoofdstukken 

inn gedachten. Het doel van het uitoefenen van moleculaire diagnostiek is het verkrijgen 

vann zoveel mogelijk relevante informatie betreffende de HIV infectie voor een zo optimaal 

mogelijkee patiëntenzorg. Dit doel is het uitgangspunt voor de ontwikkeling van nieuwe 

testenn in de toekomst, die het mogelijk moeten maken om gemakkelijker, sneller, 

goedkoperr en liefst met een minimum aan technische hulpmiddelen tot de meest 

relevantee informatie te komen, zodat overal ter wereld de moleculaire diagnostiek kan 

bijdragenn tot een verbetering van de patiëntenzorg. 
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Hett is een moeilijk hoofdstuk, dat dankwoord maar het is tevens één van de leukste om 

tee schrijven. Nu ga ik dit hoofdstuk eens in op mijn eigen manier doen, dat betekent dat 

hett wellicht iets langer zal worden dan een gemiddeld dankwoord. 

Inn de bijna 5 jaar dat ik hier op het AMC rondloop heb ik het genoegen gehad met heel 

veell mensen samen te mogen werken. Zo ben ik begonnen als AIO op het zogenaamde 

p7-projectt bij Frank de Wolf. Frank heeft me de theorie van HIV-infecties geleerd, hoe 

artsenn handelen en behandelen, en tevens heeft hij me geleerd onderzoek op te zetten. 

Inn het lab heb ik altijd enorm veel hulp gekregen, en in het eerste jaar was vooral de 

hulpp van Margreet Valk en Margreet Bakker onontbeerlijk, maar zeker ook de hulp van de 

overigee analisten op het lab. Tevens was de samenwerking met Els Hoogervorst voor het 

projectt van grote klasse. Els: bedankt!, ook voor je morele support. In de tussentijd was 

err een analist op het project bijgekomen, Karin van der Horn, met wie ik een lange tijd 

opp een heel gezellige manier heb samengewerkt. Ondanks dat we elkaar niet enorm goed 

kenden,, voelden we elkaar wel goed aan en werd het werk verzet wat gedaan moest 

wordenn (al was het voor een beginnend AIO wel moeilijk niet alles zelf te willen doen en 

duss ook te zorgen dat anderen hun werk hadden). Naast de mensen van ons eigen lab 

wass het p7-project een samenwerking met IGEN International, Inc., waar ik veel support 

kreegg van Maura Ktbbey en haar team, en van Paul Converse. Maura, Paul, all the people 

fromm IGEN: thank you very much! Also for the good care-taking during the visits in 

Gaithersburg! ! 

Omdatt we met het p7-project niet ons doel konden bereiken, werd er naar een 

tweedee project gezocht. Toevallig kwam er net eentje aanwaaien onder leiding van Tony 

dee Ronde. Het LTR-NASBA project was in nauwe samenwerking met Suzanne Jurriaans, 

Mariëll Brok en Jeanette Boogaard van ons lab, en Peter Oudshoorn, Femke Janssen, 

Pierree van Aerie, en Ron Ehren van Organon-Teknika. Voornamelijk met Mariël heb ik 

veell samengewerkt en ik heb daar erg van genoten. Ook met de mensen van OT had ik 

veell kontakten en ook daar heb ik erg veel van geleerd en genoten. Tijdens deze periode 

zijnn er veel mensen weggegaan (ligt dat aan mij?), zoals Karin, Jeanette en Mariël, maar 

gelukkigg ook nog iemand bij het project gekomen: Audrey van der Schoot. Wat ik in ieder 

gevall kan zeggen is dat zonder de hulp van jullie allen, het project nooit op zo'n 

succesvollee manier was geëindigd: dank jullie wel! 

Hett LTR-NASBA project werd dus succesvoller dan het p7-project en een goede 

basiss om op voort te gaan. Naast Frank was Tony nu mijn constante begeleider. Doordat 

Frank'ss werkzaamheden veranderen, werd hij steed minder begeleider en bleef Tony 

voornamelijkk over. Frank: hartelijk dank voor al je support en de discussies en het is wel 

aann het aantal co-auteurschappen te zien datje voor vele papers een welkome inbreng 
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had.. Zoals wij de LTR bestudeerden werd het steeds boeiender en zodoende werden er 
nogg wat meer mensen bijgehaald om hun licht er eens op te werpen, wat dan ook 
resulteerdee in een mooie publicatie met een grote groep mensen van het lab: Ben, 
Volodya,, en Marion bedankt voor jullie bijdrage! En Wim van Est bedankt voor je bijdrage 
aann het mooie "artwork", onder andere voor het paper en de posters én de cover! 

Inn een sneltreinvaart verliepen de projecten vervolgens. Het groep-0 project in 
samenwerkingg met Guido van der Groen, Wouter Janssens, Katrien Fransen, Robert 
Colebunderss en Luc Kestens was ook erg succesvol. Uiteindelijk is er een heel mooie 
publicatiee uit ontstaan en dat is toch grotendeels aan jullie te danken! Zonder al de 
steun,, leuke discussies en het beschikbaar stellen van de samples was deze informatie 
nogg niet gegenereerd! 

Hett laatste jaar heb ik het iets rustiger gehouden wat betreft de buiten-labse 
samenwerkingen.. Ons lab was versterkt met Bob van Gemen, die van OT kwam. Zijn 
hulpp in het opzetten van de laatste studies was onmisbaar, Bob bedankt! Ondanks dat hij 
vann OT naar ons lab kwam, waren de kontakten met OT nog steeds erg goed. Met heel 
veell plezier heb ik samengewerkt met Tom Oosterlaken, Jos Weusten, Paul van der Wiel, 
Chriss van Eekelen en het hele leger aan analisten dat aan de gag-moleculaire beacon 
assayy werkt(e). Hartelijk dank voor alles wat jullie me hebben geleerd! Binnen het lab 
werdd erg hard gewerkt, voor mij voornamelijk samen met Esther de Rooij, waarmee ik 
dee studies heb verricht voor OT en voor ons zelf, en waarmee ik ook een hele hoop 
plezierr heb beleefd (minimaal zo belangrijk!), met Maaike van Dooren, Eveline 
Timmermanss en wederom Margreet Bakker. Deze groep van mensen waren belangrijk 
voorr het ontstaan van twee hoofdstukken van dit proefschrift, maar absoluut ook voor 
hett leefbaar houden van het lab! And someone who helped me with all my papers was 
Lucyy Phillips with her excellent skills to edit my papers: Lucy thank you very much! 

Zoalss (hopelijk) blijkt uit dit stukje is naar mijn idee een lab of werkomgeving niet 
alleenn bedoeld om te werken en tee produceren, al is dat wel dé belangrijkste factor, maar 
ookk de sociale kontakten zijn erg belangrijk. Meestal hebben ze zijdelings ook wel wat 
mett het werk te maken. Nu kan ik wel iedereen gaan noemen, maar dat zou nogal wat 
pagina'ss in beslag nemen. Echter Iedereen waarmee ik heb gewerkt, gelachen, kamers 
gedeeldd (ik ben nogal eens verhuisd!): bedankt voor het werk en de gezelligheid! In het 
bijzonderr wil ik 3 mensen bedanken voor hun enorme bijdrage aan het werk en mijn 
ontwikkeling:: Frank (zie eerdere opmerkingen), Tony en uiteraard Jaap. Ik ben heel blij 
datt ik nog een tijdje met jullie mag samenwerken! Want ondanks dat jullie me al zó veel 
geestelijkee bagage hebben meegegeven door de vele discussie's, gesprekken, leren van 
technieken,, schrijven van papers (vooral Tony hierin: heel hartelijk dank!) en ook Jaap 
(ikk ben blij dat je de laatste keren zo snel hebt gelezen, gecorrigeerd en gesuggereerd!). 
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Ikk ben geboren op 29 maart 1973 in Lewedorp, een dorp in Zeeland tussen Goes en 

Middelburgg gelegen. De lagere school heb ik daar doorlopen, waarna ik naar het Sint 

Willibrordcollegee in Goes het Atheneum heb gevolgd. Nadat ik het VWO-diploma in 1991 

hadd ontvangen ben ik naar Utrecht vertrokken om Medische Biologie aan de Universiteit 

vann Utrecht te studeren. Vanaf het begin was ik al betrokken in allerlei commissie's ter 

bevorderingg van de studierichting Medische Biologie. Naast een actieve rol binnen het 

onderwijss gebeuren van de studieverening Mebiose heb ik ook een aantal gezelligheids 

activiteitenn helpen organiseren. Dit resulteerde dat ik in 1994 voor een jaar praeses werd 

vann de studieverening. Gedurende dit jaar ben ik begonnen aan een stage bij de afdeling 

Virolgiee aan de faculteit Diergeneeskunde. Mijn begeleiders hier waren Dr Peter Rottier 

(hoofd)) en Dirk-Jan Opstelten. Het onderzoek richtte zich op de interactie van twee 

envelopp eiwitten van het Muize Hepatitis Virus (MHV) en heb ik afgerond met een 

stageverslagg getiteld "Role of disulfide bonds in the assembly of mouse hepatitis virus". 

Inn plaats van de benodigde 9 maanden heb ik hier 14 maanden stage gelopen, deels ter 

compensatiee van de gemiste tijd vanwege mijn activiteiten voor de studievereniging, 

maarr ook deels vanwege mijn interesse in het onderzoek en in het bijzonder de virologie. 

Naa deze stage ben ik begonnen aan het schrijven van mijn scriptie, getiteld "The 

molecularr basis of an HIV-1 infection" onder leiding van Dr Tony de Ronde. Deze scriptie 

hebb ik gedeeltelijk geschreven terwijl ik al met mijn tweede stage was begonnen. Die 

tweedee stage was bij CIBA-Geigy AG in Bazel, Zwitserland, onder leiding van Dr Robert 

Cozens.. Het onderzoek richtte zich op de effecten van het HIV-1 Tat eiwit op de replicatie 

vann het humaan cytomegalovirus. Het stageverslag was getiteld "The effects of HIV-1 Tat 

proteinn on the replication of HCMV". Na deze stage ben ik direct begonnnen als AIO bij de 

vakgroepp Humane Retrovirologie, Academisch Medisch Centrum in Amsterdam onder 

leidingg van prof. dr Jaap Goudsmit. Het onderzoek aldaar heeft geresulteerd in dit 

proefschriftt getiteld "The impact of HIV-1 subtypes on molecular diagnostics". Nu ik dit 

hebb afgerond, ga ik beginnen als post-doc of projectleider "klinische studies HIV en HBV" 

bijj PrimaGen, een dochteronderneming van Amsterdam Support Diagnostics. 
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