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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. 

Consensuss A TGTTAAAAGATACCATCJATGftGGAAGCTGCRGAATOaQfcCfttX3TTACATCCAGTACATGCAGGGCCTATTCCACCAGGCCAGA 

Consensuss B G ^-I--A--G Q Q 

Consensuss C g T--A G A-

Consensuss D --C G T G G--G 

Consensuss F C A G--G C 

Consensuss G - -C G T ? G A-? CA?--G ?-

Consensuss H A T C- G --

Consensuss J T G ?--G G 

Consensuss K T C G C A-

Isolatee N-YBF3 0 --C-G--G--AGT A C T---AC C-C--TG--A--AC-A--C G--AC 

Consensuss O --?-?--G--AGTA --A-?---? T--AACT- -?- --CC-?C??T? GT-? G 

Consensuss CRFAE -- --A --T G C T 

Consensuss 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. 
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