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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. 

Introduction 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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Materialss and Methods 

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. 

Results 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 

Discussion 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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