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ABSTRACT We developed a simple, rapid, inexpensive, and highly sensitive and specific strategy for the detection and lineage differentiation of primate lentiviruses (PIV-ELISA). It is based on the use of two indirect ELISA methods using synthetic peptides mapping the gp41/36 region (detection component) and the V3 region (differentiation component) of four lentivirus lineages, namely SIVcpz/HIV-1 (groups M, O, N, and SIVcpz-gab), SIVmnd, SIVagm, and SIVsm/SIVmac/HIV-2. This strategy was evaluated with panels of sera originating from both humans and nonhuman primates. The human reference panel consisted of 144 HIV Western blot (WB)-positive sera in which the corresponding virus had been genotyped (HIV-1: 72 group M, 28 group O, and 6 group N; HIV-2: 21 subtype A and 10 subtype B; and 7 HIV-11 2) and 105 HIV WB-negative samples. The nonhuman primate reference panel consisted of 24 sera from monkeys infected by viruses belonging to the four lineages included in the PIV-ELISA strategy (5 chimpanzees, 5 macaques, 8 mandrills, and 6 vervets) and 42 samples from seronegative animals. Additional field evaluation panels consisted of 815 human sera from Gabon, Cameroon, and France and 537 samples from 25 nonhuman primate species. All the samples from the two reference panels were correctly detected and discriminated by PIV-ELISA. In the human field evaluation panel, the gp41/36 component correctly identified all the test samples, with 98% specificity. The V3 component discriminated 206 HIV-1 group M, 98 group O, 12 group M1 O, and 128 HIV-2 sera. In the primate field evaluation panel, both gp41/36 and V3 detected and discriminated all the WB-positive samples originating from monkeys infected with SIVcpz, SIVagm-ver, SIVmnd-1, SIVmnd-2, SIVdrl, or SIVsun. These results were confirmed by genotyping in every case. Four SIV-infected red-capped mangabeys (confirmed by PCR) were correctly identified by gp41/36, but only two reacted with the V3 peptides in the absence of a specific SIVrcm V3 peptide. Addition of a V3 SIVrcm peptide discriminated all the SIVrcm-positive samples. Fourteen Papio papio samples were positive for SIVsm gp 36 and by WB, but negative by PCR, whereas three Papio cynocephalus samples were positive by gp41/36 but indeterminate by WB and negative by PCR. This combined ELISA system is thus highly sensitive and specific for antibodies directed against HIV and SIV. In addition, the V3-based serotyping results always agreed with genotyping results. This method should prove useful for studies of lentivirus prevalence and diversity in human and nonhuman primates, and may also have the potential to detect previously undescribed SIVs.
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have defined six lineages: (1) SIVcpz from chimpanzees (Pan troglodytes) together with HIV-11,2 ; (2) SIVsm from sooty mangabeys (Cercocebus atys), HIV-2 and SIVmac from macaques3–6; (3) SIVagm from the four subspecies of African green monkeys (genus Chlorocebus)7–13; (4) SIVsyk from Sykes’ monkeys (Cercopithecus mitis albogularis)14,15 ; (5) SIVmnd-1 from mandrills (Mandrillus sphinx) together with SIVlhoest from l’Hoest monkeys (Cercopithecus lhoesti lhoesti) and SIVsun from sun-tailed monkeys (Cercopithecus lhoesti solatus)16–19 and (6) SIVcol from colobus monkeys (Colobus guereza).20 However, studies suggest that primate lentiviruses are even more diverse than previously thought. Indeed, lentiviruses have been isolated from red-capped mangabeys,21 drills,22 talapoins,23 and deBrazzas, monas, and blue monkeys.24 Also, a second lentivirus infecting mandrills in the wild (SIVmnd-2) has been isolated, showing that humans are not the only primate species capable of being infected by two different lentiviruses. 25 The recombinant nature of some primate lentiviruses has been demonstrated, notably the sabeus, redcapped mangabey, and SIVmnd-2 viruses.21,25,26 To date, at least 18 different lentiviruses have been described in primates.27 The study of nonhuman primate lentiviruses (PIV) has contributed to our understanding of the origin of HIV. HIV-2 emerged from zoonotic transmissions of mangabey immunodeficiency viruses (SIVsm) to humans in western Africa.28–30 Similarly, HIV-1 is thought to have emerged from zoonotic transmissions of lentiviruses from African primates (most probably chimpanzees).31,32 HIV–SIV can thus be considered as a common group with a propensity for zoonotic transmission. There is evidence that primate lentiviruses evolved in a hostdependent fashion.27 This has been demonstrated for the four SIVagm from the four species of Chlorocebus, as viruses infecting the same species in different geographical locations are more closely related than those infecting different but geographically overlapping species.27 A similar host-dependent evolution has been suggested for chimpanzee viruses: SIVcpz isolates from Pan troglodytes troglodytes are more closely related to each other than to SIVcpz-ant isolated from Pan troglodytes schweinfurthii.33 These data suggest that SIV ancestors specifically infected primate ancestors, followed by host-dependent viral diversification. Biogeography and crossspecies transmission also played an important role in this diversification, and viruses forming the fifth lineage are a good example. Host-dependent evolution was suspected for two of these viruses, which infect Cercopithecus l’hoesti l’hoesti and C. l’hoesti solatus,16,17 but these viruses cluster together with the mandrill virus; the overlapping range of these species introduces the notion of geographical clustering, in which genetically different species may exchange viruses when they live in the same geographical area.16 The cornerstone of the primate lentivirus cluster seems to be the SIVagm group, which displays a high propensity for interspecies transmission. Thus, in the wild, cross-transmission of a local SIVagm has been documented in patas monkeys,34 yellow baboons,13 and chacma baboons.35 Studies of primate lentiviruses can thus be highly informative about the evolution of SIVs and the origin and emergence TUDIES OF PRIMATE LENTIVIRU S DIVERSITY



of HIV. In addition, they may help to identify the host and virus determinants favoring lentivirus transmission and spread in primates. The study of primate retrovirus diversity may also offer valuable insights into the evolutionary ecology of primate species and also primate subspeciation. To date, however, no tools have been available to study this high diversity of primate lentiviruses. Amplification of DNA from unidentified SIVs requires specific primers that, by definition, are not available prior to strain isolation and characterization. Commercial antibody screening assays are not suited to detecting highly divergent strains. Better tools for epidemiological studies of the prevalence and incidence of SIV infection in both wild-living and captive nonhuman primates are therefore needed. We have developed a synthetic peptide enzyme-linked immunosorbent assay (ELISA) strategy (PIVELISA) for the detection and discrimination of primate lentiviruses. The method is easy to manage, highly sensitive, and specific.



MATERIALS AND METHODS Peptides for PIV-ELISA We designed two indirect ELISAs using two arrays of peptides. The first group of peptides maps to sequences in the immunodominant epitopes of the transmembrane protein gp41/36 of HIV-1 group M (subtype A), HIV-1 group O (ANT70 ), HIV-1 group N (YBF-30), and SIVs belonging to four different lentivirus lineages (cpz-gab, mnd, agm-sab, and sm)36 (Table 1). Therefore, the test contains representatives of all primate lentivirus lineages, excepting the SIVsyk and SIVcol lineages (for which only one representative of each is described so far). The gp41/36 peptides correspond to highly conserved epitopes of the transmembrane protein, yielding broad reactivity. The gp41/36 peptides were synthesized to a purity of at least 80% (NeoSystems, Strasbourg, France). The second group of peptides map to the V3 loop of the surface protein of the above-mentioned viruses and distinguishes among the HIV/SIV lineages. The V3 peptides were synthesized as previously described37 and the four N-terminal amino acids were truncated. As previous reports documented close genetic and antigenic relationships between HIV-2, SIVsm, and SIVmac (see Refs. 27 and 38 for reviews), we used the SIVsm peptides mapping to both the immunodominant region (gp36) and the V3 gp120 region of the SIV isolated from sooty mangabey as representative peptides for the SIVsm/SIVmac/HIV-2 lineage. This peptide should allow at least a similar antigenicity with HIV-2 ROD reference strain antigens, which are currently used as HIV-2-specific antigens in both screening and confirmatory commercial assays.39 For similar reasons, we used peptides mapping to the gp36 and V3 regions of SIVmnd-1 to detect and differentiate among viruses of the SIVmnd-1/SIVlhoest/SIVsun lineage. These SIVmnd1 peptides should offer detection of SIVmnd-2 viruses, given the recombinant nature of the latter and the env phylogenetic clustering of SIVmnd-2 with the viruses of the l’hoesti lineage.25 The reactivity of each sample to each peptide in both peptide formats was tested with the gp41/36 enzyme immunoassay



SYNTHETIC PEPTIDE ASSAY FOR LENTIVIRUS SCREENING TABLE 1. FOR THE



V3 AND gp41 PEPTIDE SEQUENCES USED IN THE COMBINED ELISA SYSTEM DETECTION OF AND DIFFERENTIATION BETWEEN PRIMATE LENTIVIRUSES a



Transmembrane (gp41/36) peptides HIV-1 M HIV-1 O HIV-1 N SIVcpz-gab SIVmnd SIVagm-sab SIVsm
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V3 peptides



LAVERYLKDQQLLGIWGCSGKLIC** LALETLIQNQQLLNLWGCKGKLIC LAIERYLRDQQILSLWGCSGKTIC LAVERYLQDQQILGLWGCSGKAVC TSLENYIKDQALLSQWGCSWAQVC TALEKYLEDQARLNIWGCAFRQVC TAIEKYLKDQAKLNSWGCAFRQVC



NNTRKSVHIGPGQAFYATGDIIGDIRQAHD* IDIQEMRIGPMAWYSMGIGGTAGNSSRAA NNTGGQVQIGPAMTFNIEKIVGDIRQA NNTRGEVQIGPGMTFYNIENVVGDTRSA NRSVVSTPSATGLLFYHGLEPGKNLKKG NKTVLPVTIMAGLVFHSQKYNTRLRRQA NKTVLPVTIMSGLVFHSQPINERPKQA



aThe screening component is based on the highly conserved immunodominant epitopes (gp41/36) corresponding to the fourth SIV/HIV lineages. The differentiation component is based on the use of the peptides mapping the highly variable V3 region of the gp120. Each asterisk denotes an amino acid deleted for the peptide construction.



(EIA) as a screening test and the V3 EIA as a confirmatory/discriminatory test.



Primate immunodeficiency virus ELISA Wells of polyvinyl microtiter plates (Falcon) were coated at 100 ml/well with antigen solution (2 mg/ml) diluted in 0.05 M bicarbonate buffer, pH 9.6, by incubation for 20 hr at 37°C. The wells were washed twice with phosphate-buffered saline (PBS) containing 0.5% Tween 20 (PBS-TW), and unoccupied sites were saturated with PBS containing 2% newborn calf serum (NBCS) by incubation for 45 min at 37°C, followed by washing in PBS-TW. Each serum sample was tested at 1:100 dilution in 0.01 M sodium phosphate buffer, pH 7.4, containing 0.75 M NaCl, 10% NBCS, and 0.5% Tween 20 (PBS-TW-NBCS). The reactivity of each sample toward each peptide was tested. One hundred microliters of diluted serum was added to the wells and incubated for 30 min at room temperature. The wells were washed four times with PBSTW, and peroxidase-conjugated goat F(ab9)2 anti-human immunoglobulin (Sigma, St. Louis, MO; 100 ml of a 1:2000 dilution in PBS-TW-NBCS) was added and incubated for 30 min at room temperature. The wells were washed four times with PBS-TW and the reaction was revealed by incubation with hydrogen peroxide–ophenylendiamine (H2O2–OPD) for 15 min at room temperature. Color development was stopped with 2 N H2SO4 and the absorbance value (optical density, OD) was read at 492 nm. The cutoff was established at 0.20. This value was chosen in order to avoid problems related to “sticky” immunoglobulins in test samples. When samples had two or more reactivities above the cutoff, the main reactivity was considered by using two new criteria. Thus, the secondary reactivity was considered cross-reactive if it was less than 50% of the main reactivity and less than 5-fold higher than the cutoff value; otherwise it was considered specific. The results obtained with this strategy on various panels of samples were expressed by using the box-plot technique, that is, a graphical representation of the median, 25th, and 75th percentiles (vertical boxes with error bars). Each outlier is shown as an individual point outside the plots. SigmaPlot 5.0 software (SPSS, Richmond, CA) was used for box-plot construction.



Samples The two ELISAs were evaluated with reference panels and field evaluation panels of sera. The human reference panel was composed of 144 samples



with HIV-1- and/or HIV-2-positive Western blots (WBs). Viral DNA was extracted from all these samples and genotyped by either heteroduplex mobility assay (HMA) or sequencing. This panel comprised 72 HIV-1 group M samples belonging to the following subtypes: A, 18; B, 8; C, 6; D, 8; F, 15; G, 4; H, 3; and to circulating recombinant forms (CRFs): CRF01-A/E, 4; CRF02-IbNG, 6. The genotyping strategy for these HIV-1 group M samples has been described in detail elsewhere.40–42 The evaluation panel also included 28 HIV1 group O samples genotyped by sequencing as previously described43 and belonging to the ANT 70 and MVP5180 clades,44 and 6 HIV-1 group N samples from Cameroon.45 There were also 31 HIV-2-positive samples, belonging to subtype A (n 5 21) or B (n 5 10). 46 The HIV-2 samples were genotyped with a large set of primers in an extra-long polymerase chain reaction (XL-PCR) method, as previously described.47 Seven samples originating from dually HIV1/HIV-2-infected patients were also included in this panel. Finally, the test evaluation panel included 105 HIV-seronegative samples, which were used to evaluate the specificity of our peptide system. The nonhuman primate reference panel included five sera from chimpanzees naturally infected with SIVcpz (SIVcpzgab1, -gab2, -ant, -cam3, and -cam4),2,3,33 five samples from cynomolgus macaques experimentally infected with SIVmac,48 eight samples from mandrills naturally infected with SIVmnd virus,18,49 and six samples from African green monkeys (vervets) naturally infected with SIVagm. Viral DNA from all these samples was amplified with a large set of generic primers, including Hpol,50 UNIPOL,51 and DR.22 Forty-two negative samples from various nonhuman primates were also tested to evaluate specificity. The human field evaluation panels were composed of 815 selected and unselected human sera and included highly divergent strains as well as seroconversion samples. The first group of sera was selected from among samples collected during seroepidemiological surveys in Cameroon designed to investigate the prevalence of HIV-1 group O in this country.43 The testing algorithm was based on the results obtained with a commercial competitive HIV-1 ELISA (Wellcozyme; Murex, Dartford, Kent, UK). All the borderline-reactive samples in the competitive ELISA (n 5 238) were selected for the present study. These samples were further tested by using an indirect HIV ELISA (Genelavia; Sanofi Diagnostics Pasteur, Marne-la-Co-
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Genus/Family Lemuridae Allenopithecus Miopithecus Erythrocebus Chlorocebus Cercopithecus



Lophocebus Papio Cercocebus Mandrillus Hominidae Total:



NONHUMAN PRIMATE FIELD EVALUATION PANEL RESULTS



Species A. nigroviridis M. talapoin E. patas C. aethiops C. nictitans C. mona C. campbelli C. erythrotis C. cephus C. lhoesti lhoesti C. preussi C. lhoesti solatus C. hamlyni C. neglectus L. aterrimus L. albigena P. papio P. cynocephalus C. torquatus torquatus C. agilis C. galeritus M. sphinx M. leucophaeus Gorilla gorilla Pan troglodytes



SIV1



SIV described



SIVtal SIVagm SIVagm



SIVlhoest SIVsun



SIV? SIV? SIVrcm SIVmnd SIVdrl SIVcpz



wa



cb



SIV2



EIAc



0 0 2 2 0 10 5 0 1 8 0 2 2 0 1 0 3 3 0 11 0 1 48 12 6 113 230



14 1 0 0 34 2 0 1 0 0 1 0 11 1 3 1 1 50 19 7 2 0 116 0 14 29 307



14 1 2 2 28 12 5 1 1 8 1 2 12 1 4 1 4 39 16 14 2 1 145 9 20 141 486



0 0 0 0 5 0 0 0 0 0 0 0 1 0 0 0 0 14 3 3 0 0 18 3 0 1 48



WB gp41/36



V3



0 0 0 0 61 0 0 0 0 0 0 0 1 0 0 0 0 141 3ind 41 0 0 191 031 0 1 51e



0 0 0 0 6 0 0 0 0 0 0 0 1 0 0 0 0 4 0 2 0 0 19 3 0 1 36



0 0 0 0 6 0 0 0 0 0 0 0 1 0 0 0 0 14 3 4 0 0 19 3 0 1 51



PCR 0 0 0 0 6 0 0 0 0 0 0 0 1 0 0 0 0 0 0 4 0 0 11d 3 0 1 26



a w,



samples from wild-born nonhuman primates. samples from captive nonhuman primates. c EIA, screening test (Genelavia; Sanofi Diagnostics Pasteur). d PCR failure might be explained by sample storage under field conditions; control DNA unamplifiable in eight samples. e WB-reactive samples means both positive and indeterminate WB. b c,



quette, France) and HIV-1 or HIV-2 WB (New Lav Blot I and New Lav Blot II; Sanofi Diagnostics Pasteur). To further investigate the reliability of our test, we tested 467 unselected sera from Gabon, which had been addressed to the Centre International de Recherche de Franceville (CIRMF, Franceville, Gabon) Retrovirology Laboratory during 1998– 2000. One hundred and forty-six of these samples were reactive in commercial HIV screening assays (Genescreen and Genelavia; Sanofi Diagnostics Pasteur); all 146 reactive samples were confirmed by HIV WB (New Lav Blot I and II; Sanofi Diagnostics Pasteur) as containing HIV-1 (n 5 132) or HIV-2 (n 5 14). The remaining 321 samples were negative in screening assays. All these 467 Gabonese samples were tested with our synthetic peptide test. Finally, we evaluated the performance of the test on 110 samples confirmed by HIV-2 WB (New Lav Blot II; Sanofi Diagnostics Pasteur) and obtained from the French HIV-2 cohort.



The simian field evaluation panel consisted of 537 nonhuman primate samples obtained from 25 species (Table 2). These samples were collected from the following sources: 108 from zoos in France, 143 from rescue centers in Gabon (Bakoumba and Port-Gentil), Cameroon and Congo (Konkouati), and 223 from the Primate Center at CIRMF Gabon. Samples from 50 pet monkeys from Cameroon (n 5 8) and Gabon (n 5 42) were also included. Finally, 13 samples from wild-living mandrills captured and sampled in 1998 (n 5 6) and 1999 (n 5 7) during ecological studies in central Gabon (the Lopé Reserve) were included. 25 All these samples were also tested with a commercial HIV screening assay (Genelavia; Sanofi Diagnostics Pasteur) and reactive sera were further tested by HIV WB (New Lav Blot I and II; Sanofi Diagnostics Pasteur). Plasma or peripheral blood mononuclear cells (PBMCs) from primates reactive in these serological assays were used for PCR amplification to confirm the serological reactivity.



FIG. 1. Evaluation of the synthetic peptide-based ELISA (PIV-ELISA) on a reference panel of human sera (crude OD values). (a) HIV-1 group M sera; (b) HIV-1 group O sera; (c) HIV-1 group N sera; (d) HIV-2 subtype A sera; (e) HIV-2 subtype B sera; (f) sera from dually HIV-1/HIV-2-infected patients. In each graph, the left panel corresponds to gp41/36 transmembrane (TM) peptides as identified at the bottom. The right panels correspond to the V3 peptides.
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FIG. 1.



Continued.
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RESULTS HIV reference panel To determine the sensitivity and specificity of our strategy for divergent HIV samples, we tested a panel of human sera consisting of 144 positive samples originated from patients with a broad geographical origin and for which the viral genotype was known. In this group there were 72 HIV-1 group M-infected patients infected with 7 different subtypes and 2 CRFs; the gp41/36 component was reactive with all these samples (Fig. 1a). All sera from HIV-1 group M-infected individuals presented strong reactivity toward at least two of the peptides from the first lineage (HIV-1/SIVcpz), showing that the detecting component of our test is highly sensitive, even for divergent strains of HIV-1 group M. As shown in Fig. 1a, the main reactivity of the group M samples was directed to group M gp41 peptide. Although isolated, reactivity toward peptides mapping to the gp36 region of the other lineages was sometimes observed (SIVmnd, 6; SIVagm, 5; SIVsm/HIV-2, 3). Subtype H sera reacted with all but the SIVmnd gp41/36 peptides. The V3 discrimination component of the test clearly identified all the group M samples (Fig. 1a). There was no V3 reactivity other than that directed to the peptides mapping the first lineage. The strongest V3 cross-reactivity observed with HIV1 group M sera was directed toward the SIVcpz-gab peptide (15 of the 72 group M samples). Only two HIV-1 group M samples cross-reacted with the group O peptide, and only one crossreacted with the group N peptide; all these cross-reactions were also associated with SIVcpz cross-reactivity. The reactivity ratio for the cross-reacting samples was always less than 50% for the heterologous peptide in this group of sera. The distribution of the cross-reactive samples within the different HIV-1 group M subtypes was as follows: 6 of 6 subtype C, 5 of 18 subtype A, 2 of 8 subtype B (originating from African patients), 1 of 15 subtype F, and 1 of 4 subtype G samples cross-reacted with the SIVcpz V3 peptide. All 28 samples originating from HIV-1 group O-infected patients reacted with the gp41/36 group O peptides (Fig. 1b). HIV1 group O sera showed low reactivity with the HIV-1 group N gp41 peptide (Fig. 1b). As regards the V3 component, all the group O sera reacted with the HIV-1 group O peptide. The strongest cross-reactions were directed toward the group M V3 peptide (8 of 28); only 2 group O samples reacted with SIVcpz V3 peptide. One serum reacted above the cutoff with the SIVagm V3 peptide. All the group N samples reacted with both test components. However, the reactivity of the group N samples was peculiar, as almost no difference was observed between the HIV-1 group N and SIVcpz-gab V3 peptides (Fig. 1c). This is not surprising, as the two viruses belong to the same group in the SIVcpz/HIV-1 lineage, on the basis of the env gene.33 All the HIV-2 subtype A sera reacted strongly with SIVsm gp36 peptides (Fig. 1d), and also with SIVagm; this was expected, given the strong antigenic relationship in the envelope between HIV-2 and SIVagm.12 None of the HIV-2 subtype A sera reacted with gp41 peptides from the immunodominant region of HIV-1 M, N, or SIVcpz (Fig. 1d). Six of the 21 HIV2 subtype A sera cross-reacted weakly with SIVmnd peptide, the OD values always being less than 0.4. HIV-2 subtype B
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sera showed more cross-reactivity. All the HIV-2 subtype B sera but one reacted strongly with gp36 peptides of both the HIV2/SIVsm and SIVagm lineages; the serum from the remaining patient was negative with the SIVagm peptide and weakly reactive with the SIVsm peptide. Six patient sera reacted with one or more HIV-1/SIVcpz peptides. Two of these patients were infected by phylogenetically distant subtype B strains.46 Seven of the 10 HIV-2 subtype B sera were reactive with the SIVmnd gp36 peptide (Fig. 1e). Sera from the dually infected patients reacted with all the gp41/36 peptides (Fig. 1f). All the HIV-2 sera reacted with the SIVsm V3 peptide. There was no reactivity between HIV-2 sera and the HIV-1 M, N, or O SIVcpz, or SIVmnd V3 peptides. Only sera from the patients with dual HIV-1/HIV-2 infection reacted with the HIV-1 group M V3 peptide (Fig. 1f). Reactivity with the SIVagm V3 peptide was limited, HIV-2 subtype B sera being significantly more reactive than subtype A sera: only 4 of the 21 subtype A sera reacted with the SIVagm V3 peptide (1 at the cutoff), compared with 7 of the 10 subtype B sera (p 5 0.01). Taken together, these results showed the high sensitivity and specificity of our test for the detection of all there HIV-1 groups and for the major HIV-2 subtypes. They also suggest that extensively cross-reacting HIV-2 sera probably belong to subtype B rather than to subtype A. None of the 105 seronegative samples from the reference panel reacted with either the gp41/36 or V3 components (not shown).



Nonhuman primate reference panel The reference panel for the nonhuman primates consisted of 24 positive sera originating from 4 different primate species considered when designing the test, and from 42 noninfected monkeys. The virus had been genetically characterized in all the positive samples. They corresponded to viruses belonging to the four lineages. Five samples originated from chimpanzees (four P. troglodytes troglodytes and one P. troglodytes schweinfurthii) infected with SIVcpz.2,3,33 All five reacted in the detection tool and all but SIVcpz-ant sera reacted in the discrimination assay on both HIV-1 group N and SIVcpz peptides (Fig. 2a). In the discrimination assay, we used the peptide corresponding to SIVcpz infecting P. t. troglodytes. These SIVcpz form a single phylogenetic cluster with HIV-1 group N in contrast to SIVcpz-ant from P. t. schweinfurthii. The phylogenetic relationships explain why sera from P. troglodytes troglodytes were reactive against the HIV-1 group N V3 peptide, whereas the serum from the chimpanzee infected by SIVcvpz-ant was negative for this V3 peptide. The main reactivity concerned both the SIVcpz-gab and HIV-1 group N peptides. However, the main V3 reactivity was always directed toward the SIVcpzgab peptide. These results show that, for viruses belonging to the SIVcpz/HIV-1 lineage, our PIV-ELISA detects both human and chimpanzee samples. Also, as already observed with human samples, our test permits group discrimination within the SIVcpz/HIV-1 lineage. The second lentiviral lineage included in our test consists of HIV-2/SIVsm/SIVmac. As we had no positive sooty mangabey samples, and as SIVmac derives from SIVsm, we evaluated the reliability of our assays by using samples from five cynomolgus macaques experimentally infected with the SIVmac251
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FIG. 2. Evaluation of the PIV-ELISA on a reference panel of nonhuman primate sera (crude OD values). (a) SIVcpz-infected chimpanzees; (b) SIVmac-infected rhesus macaques; (c) SIVmnd-infected mandrills; (d) SIVagm-infected African green monkeys.



strain. All these samples were positive by both tests (Fig. 2b). Although the optical densities of the reactivity toward the SIVsm V3 peptide were lower than those of the other sera against their respective peptides, all the macaque samples were grouped as belonging to the HIV-2/SIVsm/SIVmac lineage. Together with the results obtained with samples originating from HIV-2-infected patients, these results show that PIV-ELISA has good sensitivity and specificity for detecting and discriminating viruses of the HIV-2/SIVsm/SIVmac lineage. The eight sera collected from SIVmnd-infected mandrills included in the evaluation panel were all detected by both test components. The V3 discrimination of samples from mandrill was perfect (Fig. 2c). Moreover, the test detected one sample that was nonreactive in a commercial ELISA, despite PCR positivity (data not shown). Finally, all six sera from SIVagm.verinfected African green monkeys (AGMs; vervets) were detected by our assay. Interestingly, in the detection array, the main re-



activity was directed toward the SIVsm heterologous gp36 peptide. Discrimination by the V3 component revealed marked cross-reactions toward the SIVsm peptide, which might have been due to the use in our PIV-ELISA of an SIVagm-sab peptide. However, the main V3 reactivity of the vervet sera was directed against the SIVagm peptide, and the discrimination criteria were always fulfilled by the AGM samples (SIVsm reactivity always being less than 50% of the SIVagm reactivity). None of the 42 sera from seronegative monkeys reacted with any of the peptides in either component of the PIV-ELISA (not shown).



Field evaluation panels Human panels. The panels of human sera were used to evaluate the robustness of our test under field conditions. As nu-
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FIG. 2.



merous studies have shown marked HIV diversity in Central African countries,52–55 we evaluated our strategy with two panels of sera from this region. The first field evaluation panel originated from Cameroon. This Central African country is characterized by high HIV diversity, and is the only region where the three HIV-1 groups are known to cocirculate.32,43,56,57 The main objective of testing Cameroonian samples was to investigate the test performances on a selected panel of highly divergent samples. During a seroepidemiological survey in Cameroon,43 we selected 238 samples on the basis of a previously described algorithm designed to detect highly divergent HIV-1 strains, such as those belonging to groups O and N.32,43 Of these samples, 221 reacted with the gp41/36 component, whereas 17 samples were negative and were confirmed as seronegative by WB. These 17 gp41/36-negative samples were also negative in the V3 format. Ten of the 221 gp41/36-reactive samples presented low reactivity (close to the cutoff) that was uniformly directed toward all the gp41/36 and V3 peptides, suggesting nonspecific reac-
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tions. Both WB and PCR with different sets of primers were negative in all of these 10 cases. Of the 193 V3-reactive samples, 81 corresponded to group M and 93 to group O; 12 samples reacted with both group M and O peptides, whereas 7 samples reacted with the SIVsm/HIV-2 peptide, their reactivity being confirmed by HIV2 WB (Fig. 3). Note that in the reference panel, 8 of the 28 sera from HIV-1 O-infected patients (29%) cross-reacted with the V3 M peptide, whereas only 2 of 72 sera containing HIV-1 M antibodies cross-reacted with the V3 O peptide. Thus, dually reactive sera likely correspond to group O. However, infection with HIV-1 M, or dual infection, cannot be excluded, as dually HIV-1 M/HIV-1 O-infected patients have already been described in Cameroon.58,59 Altogether, of the 238 sera from Cameroon that showed borderline reactivity in a commercial competitive ELISA (Wellcozyme), 17 probably corresponded to negative sera, as they were negative by all tests (PIV-ELISA and commercial HIV WB); 10 samples presented false reactivity with both test com-
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FIG. 3. V3 discrimination in the field evaluation of a panel of Cameroonian sera. (a) HIV-1 group M-positive samples; (b) HIV-1 group O-positive sera; (c) group M and group O dually reactive sera; (d) HIV-2-reactive sera. V3 ELISA results are presented as crude OD values. V3 peptides are identified at the bottom of each graph.



ponents, and 211 were positive by gp41/36 PIV-ELISA. One hundred and ninety-three of these could be serotyped by V3 PIV-EIA. The remaining 18 samples were diagnosed as belonging to lineage HIV-1/SIVcpz by the detection component but were negative by V3 ELISA. The WB profiles of 10 of these 18 samples evoked seroconversion patterns (gp160 1 /p241 ), explaining both the borderline reactivity in the Wellcozyme test and the negativity of the V3 EIA. The other eight sera were fully positive by HIV-1 WB. One of the reasons for the failure of our test to discriminate these eight samples might be the inclusion in our panel of sera from patients infected with highly divergent, previously undocumented strains. The second field evaluation panel was obtained from Gabon, another Central African country where high viral diversity is observed.60 Here, we tested 467 consecutive sera addressed to the CIRMF laboratory during 1998–2000. One hundred and



forty-six of these samples were reactive in commercial HIV screening assays (Genescreen and Genelavia), and 321 were negative. Reactive samples were confirmed by WB (New Lav Blot I and II) as positive for HIV-1 (n 5 132) and HIV-2 (n 5 14). All 467 sera were tested with our synthetic peptide test. None of the 321 negative samples displayed reactivity with either the gp41/36 or V3 peptides (not shown). All the screening test-reactive samples were reactive with the gp41/36 component and all but seven (95%) were discriminated by the V3 test as HIV-1 group M. The V3 reactivity of these samples is presented in Fig. 4. Although cross-reactions were more important than in the other panels, discrimination by the V3 component was interpretable as group M in all these cases, using the discrimination criteria described above. Three of the seven samples that were nonreactive in the V3 discrimination component of the PIV-ELISA originated from seroconverters, whereas the remaining four originated from AIDS patients according to the
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FIG. 4. V3 discrimination in the field evaluation of the panel of Gabonese sera. All the patients were infected with HIV-1 group M viruses. V3 ELISA results are presented as crude OD values. V3 peptides are identified at the bottom of each graph.



948 WB profiles. Both situations could explain the failure of differentiation. A possible alternative explanation is the circulation of highly divergent strains in Gabon. The 14 samples confirmed as HIV-2 positive by WB were reactive with the gp41/36 component with the corresponding peptide (SIVsm) (not shown). V3 reactivity toward the SIVsm peptide was recorded for all these samples. Five of these samples also reacted with the SIVagmV3 peptide, suggesting infection by an HIV-2 subtype B strain.46 Finally, the third field evaluation panel consisting of 110 HIV-2 WB-confirmed sera originating from the Bichat-Claude Bernard Laboratory, Paris, France) was tested in order to evaluate the test on a wide variety of HIV-2 sera. All 110 HIV-2seropositive samples were reactive in the detection array of PIV-ELISA and all but 3 were discriminated by the V3 array (Fig. 5). Twenty-five of the 107 reactive HIV-2 samples also cross-reacted above the cutoff with the SIVagm peptide in the discrimination array (Fig. 5). Primate field evaluation panels. The nonhuman primate field evaluation panel consisted of 537 samples originating from 26 species of African nonhuman primates (Table 2). All the samples included in this panel were tested by PIV-ELISA in order to evaluate both sensitivity and specificity. All these samples were also screened with commercial serological assays developed to detect anti-HIV antibodies (ELISA, Genelavia Mixt; Sanofi Diagnostics Pasteur). All the reactive samples were tested by Western blot to compare the performance of the test on the nonhuman primate panel. Finally, all the reactive samples were subjected to PCR with different sets of primers.22,50,51 Among the 537 sera in the nonhuman primate field evaluation panel, 51 were positive in the detection component, whereas 486 samples were negative. Thirty of these 51 positive samples originated from monkeys belonging to species known as natural hosts of SIVs related to three lineages included in our test: 1 from a chimpanzee (Cam561), 6 from vervets, 19 from mandrills,25 3 from drills, and 1 from a sun-



SIMON ET AL. tailed monkey (C. lhoesti solatus). Four other reactive samples originated from red-capped mangabeys, which are known to be infected with SIVrcm, a recombinant virus that is not yet completely characterized.21 Finally, the gp41/36 format also detected 14 samples from Guinea baboons (Papio cynocephalus) and 3 samples from yellow baboons (Papio papio). These results were compared with those obtained with the commercial screening assay. All but 3 of the 51 gp41/36-reactive samples were positive by HIV Genelavia, and 45 of the 48 yielded positive HIV-1 or HIV-2 WB patterns (Table 2). The remaining three Genelavia-positive samples presented indeterminate WB profiles and corresponded to the three reactive yellow baboon samples, which reacted solely with Gag p26. The three Genelavia-negative samples originated from one vervet, one red-capped mangabey, and one mandrill. They were all positive by HIV-2 WB. Thus, gp PIV-EIA detected more positive samples than the commercial screening assay. However, one should note that none of the assays can exclude false negatives. We then used PCR to test whether sera positive in the gp PIV-EIA corresponded to true positives. PCR was positive in 26 cases: the chimpanzee Cam5, 6 African green monkeys, 4 red-capped mangabeys, 3 drills, the sun-tailed monkey, and 11 of the 19 mandrills. All eight PCR-negative mandrill samples were collected in the field, and their PCR negativity is likely due to storage conditions, as shown by negative amplification of control DNA (data not shown). All three gp36-reactive and WB-indeterminate samples from yellow baboons were PCR negative. The 14 gp36-reactive samples from Guinea baboons were repeatedly negative by PCR despite a reactive HIV-2 WB. These results are in agreement with published data showing seropositivity without description of specific lentiviruses infecting baboons (see Refs. 27 and 38 for reviews). We cannot, however, rule out the possibility that the failure of PCR was due to the lack of specific primers. Overall, the gp41/36 PIV-EIA had better sensitivity than the commercial HIV ELISA screening assay in the nonhuman primates panel. This is easily explained by the addition in our as-



FIG. 5. V3 discrimination in the field evaluation of HIV-2-infected patients. V3 ELISA results are presented as crude OD values. V3 peptides are identified at the bottom of each graph.



SYNTHETIC PEPTIDE ASSAY FOR LENTIVIRUS SCREENING say of antigens representative of lineages other than HIV-1 and HIV-2. The reactivity of the detecting component always correlated with WB positivity (reactivity against two Env proteins and one Gag or Pol protein at least), but it should be stressed that the simian sera often did not react with all WB proteins, in contrast to sera from HIV-infected individuals. The ability of the V3 test to identify the SIV lineage was then evaluated. Samples from mandrills, drills, and the suntailed monkey specifically reacted with the SIVmnd V3 peptide representative of the fifth lentivirus lineage. The same is true of the six samples originating from AGMs, which mainly reacted with the SIVagm V3 peptide. However, because of antigenic similarities between the SIVagm and SIVsm viruses62–64 these samples also reacted with the SIVsm peptide. Only two samples originating from red-capped mangabeys reacted with the SIVsm peptide in the absence of a specific SIVrcm V3 peptide. Testing of the four red-capped mangabey gp41/36-reactive samples by using a specific SIVrcm peptide (sequence communicated by B.H. Hahn prior to publication) correctly classified these samples as SIVrcm (data not shown). Four of the yellow baboon gp41/36-positive samples also reacted with the SIVsm peptide in the V3 EIA. None of the gp41/36-positive samples from Guinea baboons were positive in the V3. It is not clear whether baboons are infected with a virus divergent from known SIVs or whether their samples show more nonspecific reactivity than those from other species. Altogether, these results show the high sensitivity and specificity of our PIV-ELISA in the detection of SIV from the four major lineages know to date, such as SIVcpz, SIVmac, SIVagm, SIVmnd-1, SIVmnd-2, SIVdrl, SIVrcm, and SIVsun.



DISCUSSION We have previously tested the utility of a peptide-based strategy by establishing an ELISA system using V3 or gp41 peptides to differentiate between HIV-1 group M and group O infections.37 This system, based on group-specific EIAs, allowed us to detect a large number of group O sera43 and to discover HIV-1 group N.32 These serological results were always confirmed by sequencing. Our main objective then was to develop a reliable strategy to detect and discriminate among primate lentiviruses that is less expensive than WB and more specific in classifying positive samples than commercial serological tests. The main limitation in designing tools for the screening of lentivirus is the lack of a reference method. Serological tests such as HIV EIAs fail to recognize antibodies against highly divergent PIV strains. Previous studies have shown a lack of ELISA sensitivity for HIV-1 screening when divergent variants were tested.65,66 In the case of HIV-1 group O, even when HIVO peptides are added to screening tests, some samples might be missed because of the extensive variation of immunodominant epitopes.67 Such a phenomenon might occur with viruses belonging to all the lentivirus lineages, as observed for cases of HIV-2 subtype B infection,46 and diagnostic problems may occur with increasing frequency as circulating viruses diversify. However, in most of these cases, Western blot can be used as a reference method, as all circulating HIV variants belong to lineages for which commercial WB tests are available. The fact that potential emerging and/or as yet unidentified ancient retro-
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viruses may not belong to known human lineages is the main pitfall in using Western blot as the reference test. The same is true of molecular tools used to identify lentivirus reservoirs in animals and to diagnose SIV infection in captive nonhuman primates. The poor sensitivity of PCR as a screening assay is well documented both in the case of viral variants66,68,69 and in lentivirus infections associated with low viral load, such as in the HIV-2 lineage.46,47,70 Thus, a serological tool using epitopes from the largest number of known lentivirus appears to be the best option for studying lentivirus diversity, as it increases the probability of picking up genetically divergent viruses. Most worldwide cases of HIV infection are due to HIV-1. We used peptides corresponding to all three HIV-1 groups and also SIVcpz (all belonging to the same HIV-1/SIVcpz lineage), and thereby detected divergent variants such as HIV-1 group O and N in the human panel. The use of the SIVsm/HIV-2 peptide for the detection of HIV-2 was prompted by studies that documented the origin of this virus in sooty mangabeys.4 To better cover primate lentivirus diversity, we added antigens corresponding to the immunodominant regions and the V3 loop of lentiviruses belonging to two other major PIV lineages (SIVmnd and SIVagm). As to date we have only one representative for the remaining lentivirus lineages, SIVsyk and SIVcol, these peptides were not included in our peptide arrays. Our combined ELISA system proved to be both sensitive and specific in detecting anti-lentivirus antibodies in human and nonhuman primate samples. The sensitivity for HIV detection was tested on a large panel of divergent HIV-1 group M, N, and O and HIV-2 seropositive human sera. The use of different gp41/36 peptides allowed us to identify all the positive samples in the reference human panel. None of the HIV-1/HIV-2negative samples included in the reference panel reacted with any of the peptides included in our test. In the field evaluation panels, the sensitivity of the gp41/36 peptide array, which was used as the detection component, was excellent: all the WBpositive samples were detected by the gp41/36 component (100% sensitivity and 98% positive predictive value), values that are similar to those obtained with commercial kits. The specificity for human reference sera was 100% for the V3 component, no false-positive reactions being observed in this panel. Also, the V3 discrimination always corroborated genotyping results in this panel of sera. Under field conditions, using human samples originating from Central Africa, the specificity of gp41/36 detection was 97% and the negative predictive value was 100%. Discrimination by the V3 component in the field evaluation was excellent. Thus, the V3 differentiation component classified 93% of the Cameroonian samples, 95% of the Gabonese sera, and 97% of the HIV-2 sera. Only 12 sera originating from Cameroon presented double reactivity toward both the group M and group O peptides used in the V3 format. As dually HIV-1 M/HIV-1 O-infected patients have already been described in Cameroon,58,59 these results are being investigated by using molecular biology. Our test thus proved useful for the detection of and discrimination among sera from patients infected with a broad range of HIV strains: the test discriminated the three groups of HIV-1 (M, N, and O) and also the major subtypes of HIV-2; also, as the test includes antigens mapping other lentiviral lineages, it might permit the identification of HIV strains possi-



950 bly related to SIVs other than SIVcpz and SIVsm. The high sensitivity of our test suggests that it might be used as a less expensive alternative in the diagnosis of HIV in those regions where viral variability is high. In the nonhuman primate reference panel, all the positive samples were correctly detected by gp41/36 and correctly classified by V3 PIV-ELISA. None of the seronegative samples included in this panel reacted with any of the peptides used in the PIV-ELISA. In the field evaluation panel of nonhuman primate sera, both detection and discrimination were excellent for viruses belonging to distinct SIV lineages such as SIVcpz, SIVagm, SIVmnd-1, SIVmnd-2, SIVdrl, SIVrcm, and SIVsun. In addition, the peptide assay detected three samples (one from an AGM, one from a mandrill, and one from a red-capped mangabey) that were falsely negative in the commercial HIV ELISA, as shown by molecular analysis. The discrepancies between the gp41/36 and V3 results in SIVrcm detection can be explained by the lack of specific SIVrcm V3 peptides in our first version of the test. A second-generation PIV-ELISA, including the V3 SIVrcm peptide (sequence communicated by B. Hahn prior to publication) gave positive results for all the gp41/36-reactive red-capped mangabey samples. The conservative nature of the immunodominant region of gp41/36 explains the enhanced sensitivity as compared with V3 for SIVrcm samples. This supports our strategy of using two different peptide assays. It also shows that our gp36/41 assay can detect viruses that are poorly characterized and that the EIA can easily be extended to cover recently identified viruses. The specificity of our strategy needs further evaluation in P. papio and P. cynocephalus. The repeatedly negative PCR and indeterminate WB results could reflect false reactivity of our PIV peptide tests. However, the reactivity of these samples toward the gp36 peptide mapping the SIVsm/HIV-2 lineage, and the high specificity of our assay, make this unlikely. Further studies, including virus isolation, should be performed to test whether baboons are infected with specific SIVs. In conclusion, our test represents a method of choice for the screening of lentivirus diversity: the use of a large array of peptides yields sensitive detection of reactive samples by the gp41/36 component. Also, V3-based discrimination orients the choice of molecular tools for further investigations and confirmation. One of the main advantages of such a strategy is that it represents an open diagnostic system: the peptide array may be enlarged by adding new peptides as new primate viruses are discovered and knowledge of primate lentivirus diversity evolves. Also, such a peptide array can be adapted to a particular biogeographic profile of nonhuman primate diversity to lighten the assay and to preserve some precious samples. The test is also inexpensive and rapid (1.5 hr). Finally, this diagnostic tool could also be used in noninvasive field studies by testing for anti-lentivirus antibodies in feces and urine. Using this test on a piece of bush-meat, we diagnosed a mandrill as infected by SIVmnd, by testing the buffer used to rinse the tissue sample (data not shown). The explosion in our knowledge of lentivirus diversity, and serious concerns about the emergence of new pathogenic agents following new interspecific transfers, represent major challenges in AIDS research. Appropriate tools are needed to meet this challenge. Simple and inexpensive detection of SIV diversity should help us to describe the overall picture of lentivirus



SIMON ET AL. diversity, to detect the emergence of new variants, and to assess control measures. This tool is suited to routine surveys and to screening of captive and wild primates, even under circumstances in which technical facilities for virus isolation and molecular analyses are limited.



ACKNOWLEDGMENTS This work was supported by the ANRS (Agence Nationale de Recherches sur le SIDA) and by grant RO1 AI 44596 from the National Institutes of Health.



REFERENCES 1. Huet T, Cheynier R, Meyerhans A, Roelants G, and Wain-Hobson S: Genetic organization of a chimpanzee lentivirus related to HIV1. Nature 1990;345:356 –359. 2. Janssens W, Fransen K, Peeters M, et al.: Phylogenetic analysis of a new chimpanzee lentivirus SIVcpz-gab-2 from a wild captured chimpanzee from Gabon. AIDS Res Hum Retroviruses 1994; 10:1191–1192. 3. Peeters M, Janssens W, Fransen K, et al.: Isolation of simian immunodeficiency viruses from two sooty mangabey monkeys in Cote d’Ivoire: Virological and genetic characterization and relationship to other HIV type 2 and SIVsm/mac strains. AIDS Res Hum Retroviruses 1994;10:1289 –1294. 4. Chen Z, Luckay A, Sodora DL, et al.: Human immunodeficiency virus type 2 (HIV-2) seroprevalence and characterization of a distinct HIV-2 genetic subtype from the natural range of simian immunodeficiency virus-infected sooty mangabeys. J Virol 1997; 71:3953–3960. 5. Marx P, Li Y, Lerche NW, et al.: Isolation of a simian immunodeficiency virus related to human immunodeficiency virus type 2 from a West African pet sooty mangabey. J Virol 1991;65: 4480–4485. 6. Hirsch VM, Olmsted RA, Murphey-Corb M, Purcell RH, and Johnson PR: An African primate lentivirus (SIVsm) closely related to HIV-2. Nature 1989;339:389 –392. 7. Allan JS, Short M, Taylor ME, et al.: Natural infection of West African green monkeys with a unique subtype of simian immunodeficiency virus SIVagm. J Virol 1991;65:2816 –2828. 8. Baier M, Werner A, Cichutek K, et al.: Molecularly cloned simian immunodeficiency virus SIVagm3 is highly divergent from other SIVagm isolates and is biologically active in vivo and in vitro. J Virol 1989;63:5119 –5123. 9. Daniel MD, Li Y, Naidu YM, et al.: Simian immunodeficiency virus from African green monkeys. J Virol 1988;62:4123 –4128. 10. Fomsgaard A, Hirsch VM, Allan JS, and Johnsonn PR: A highly divergent proviral clone of SIV from a distinct species of African green monkey. Virology 1991;182:397 –402. 11. Fukasawa M, Miura T, Hasegawa A, et al.: Sequence of simian immunodeficiency virus from African green monkey, a new member of the HIV/SIV group. Nature 1988;333:457 –461. 12. Müller M, Saksena NK, Nerrienet E, et al.: Simian immunodeficiency viruses from Central and Western Africa: Evidence for a new species-specific lentivirus in tantalus monkeys. J Virol 1993;67:1227 –1235. 13. Jin MJ, Rogers J, Phillips-Conroy JE, et al.: Infection of a yellow baboon with simian immunodeficiency virus from African green monkeys: Evidence for cross-species transmission in the wild. J Virol 1994;68:8454 –8460. 14. Emau P, McClure HM, Isahakia M, Else JG, and Fultz PN: Isola-



SYNTHETIC PEPTIDE ASSAY FOR LENTIVIRUS SCREENING



15. 16.



17.



18.



19.



20.



21.



22.



23.



24.



25.



26.



27.



28.



29.



30.



31. 32.



tion from African Sykes’ monkeys (Cercopithecus mitis) of a lentivirus related to human and simian immunodeficiency viruses. J Virol 1991;65:2135 –2140. Hirsch VM, Dapolito GA, Goldstein S, et al.: A distinct African lentivirus from Sykes’ monkeys. J Virol 1993;67:1517 –1528. Beer BE, Bailes E, Goeken R, et al.: Simian immunodeficiency virus (SIV) from sun-tailed monkeys (Cercopithecus solatus): Evidence for host-dependent evolution of SIV within the C. lhoesti superspecies. J Virol 1999;73:7734 –7744. Hirsch VM, Campbell BJ, Bailes E, et al.: Characterization of a novel simian immunodeficiency virus (SIV) from l’Hoest monkeys (Cercopithecus lhoesti): Implications for the origins of SIVmnd and other primate lentiviruses. J Virol 1999;73:1036 –1045. Tsujimoto H, Cooper RW, Kodama T, et al.: Isolation and characterization of simian immunodeficiency virus from mandrills in African and its relationship to other human and simian immunodeficiency viruses. J Virol 1988;62:4044 –4050. Tsujimoto H, Hasegawa A, Maki N, et al.: Sequence of a novel simian immunodeficiency virus from a wild caught African Mandrill. Nature 1989;341:539 –541. Courgnaud V, Pourrut X, Bibollet-Ruche F, et al.: Characterization of a novel simian immunodeficiency virus from guereza colobus monkeys (Colobus guereza) in Cameroon: A new lineage in the nonhuman primate lentivirus family. J Virol 2001;75: 857–866. Georges-Courbot MC, Lu CY, Makuva M, et al.: Natural infection of a household pet red-capped mangabey (Cercocebus torquatus torquatus) with a new simian immunodeficiency virus. J Virol 1998;72:600 –608. Cleweley JP, Lewis JCM, Brown DWL, and Gadsby EL: A novel simian immunodeficiency virus (SIVdrl) pol sequence from the drill monkey, Mandrillus leucophaeu s. J Virol 1998;72:10305 – 10309. Osterhaus AD, Pedersen MEN, Amerongen G, et al.: Isolation and partial characterization of a lentivirus from talapoin monkeys (Miopithecus talapoin). Virology 1999;260:116 –124. Bibollet-Ruche F, Courgnaud V, Pourout X, et al.: Molecular characterization of new primate lentiviruses from deBrazza, mona and blue monkeys: Evidence for host-dependent evolution within this group of viruses. In: 7th Conference on Retroviruses and Opportunistic Infections, San Francisco, February 2000. [Abstract 223] Souquière S, Bibollet-Ruche F, Robertson DL, et al.: Wild Mandrillus sphinx are carriers of two types of lentiviruses. J Virol 2001;75:in press. Jin MJ, Hui H, Robertson DL, et al.: Mosaic genome structure of simian immunodeficiency virus from West African green monkeys. EMBO J 1994;13:2935 –2947. Hahn BH, Shaw GM, De Cock KM, and Sharp PM: AIDS as a zoonosis: Scientific and public health implications. Science 2000;287:607 –614. Chen Z, Telfer P, Gettie A, et al.: Genetic characterization of new West African simian immunodeficiency virus SIVsm: Geographic clustering of household-derived SIV strains with human immunodeficiency virus type 2 subtypes and genetically diverse viruses from a single feral sooty mangabey troop. J Virol 1996;70: 3617–3627. Gao F, Yue L, White AT, et al.: Human infection by genetically diverse SIVsm-related HIV-2 in West Africa. Nature 1992;358 : 495–499. Yamaguchi J, Devare SG, and Brennan CA: Identification of a new HIV-2 subtype based on phylogenetic analysis of full-length genomic sequence. AIDS Res Hum Retroviruses 2000;16:925 –930. Gao F, Bailes E, Robertson DL, et al.: Origin of HIV-1 in the chimpanzee Pan troglodytes troglodytes. Nature 1999;397:436 –441. Simon F, Mauclère P, Roques P, et al.: Identification of a new hu-



33.



34.



35.



36.



37.



38.



39. 40.



41.



42.



43.



44.



45.



46.



47.



48.



49.



50.



951



man immunodeficiency virus type 1 distinct from group M and group O. Nat Med 1998;4:1032 –1037. Corbet S, Müllet-Trutwin MC, Versmisse P, et al.: env sequences of simian immunodeficiency virus from chimpanzees in Cameroon are strongly related to those of human immunodeficiency virus group N from the same geographic area. J Virol 2000;74:529 –534. Bibollet-Ruche F, Galat-Luong A, Cuny G, et al.: Simian immunodeficiency virus infection in a patas monkey (Erythrocebus patas): Evidence for cross-species transmission from African green monkeys (Cercopithecus aethiops sabaeus) in the wild. J Gen Virol 1996;77:773 –781. van Rensburg EJ, Engelbrecht S, Mwenda J, et al.: Simian immunodeficiency viruses (SIVs) from eastern and southern Africa: Detection of a SIVagm variant from chacma baboon. J Gen Virol 1998;79:1809 –1814. Korber BT, Folley B, Leitner T, et al.: Human Retroviruses and AIDS: A Compilation and Analysis of Nucleic Acids and Amino Acid Sequences . Los Alamos National Laboratory, Los Alamos, New Mexico, 1997. [http://hiv-web.lanl.gov/] Mauclère P, Damond F, Apetrei C, et al.: Synthetic peptide ELISAs for detection of and discrimination between group M and group O HIV type 1 infection. AIDS Res Hum Retroviruses 1997;13: 987–993. Beer BE, Bailes E, Sharp PM, and Hirsch VM: Diversity and evolution of primate lentiviruses. In: Human Retroviruses and AIDS: A Compilation and Analysis of Nucleic Acid and Amino Acid Sequences (Kuiken C, Foley B, Hahn B, et al., eds.). Los Alamos National Laboratory, 1999. [http://hiv-web.lanl.gov/] Constantine NT: Serologic tests for the retroviruses: Approaching a decade of evolution. AIDS 1993;7:1–13. Simon F, Loussert-Ajaka I, Damond F, Saragosti S, Barin F, and Brun-Vézinet F: HIV type 1 diversity in northern Paris, France. AIDS Res Hum Retroviruses 1996;12:1427 –1433. Loussert-Ajaka I, Menu E, Apetrei C, et al.: HIV type 1 diversity and the reliability of the heteroduplex mobility assay. AIDS Res Hum Retroviruses 1998;14:877 –883. Apetrei C, Loussert-Ajaka I, Collin G, et al.: HIV type 1 subtype F sequences in Romanian children and adults. AIDS Res Hum Retroviruses 1997;13:363 –365. Mauclère P, Loussert-Ajaka I, Damond F, et al.: Serological and virological characterization of HIV-1 group O infection in Cameroon. AIDS 1997;11:445 –453. Roques P, Robertson DL, Souquière S, et al.: Phylogenetic analysis of 49 newly derived HIV-1 group O strains: High viral diversity but no group M-like subtypes. Submitted. Souquière S, Roques P, Ayouba A, et al.: The five newly derived HIV-1 group N strains cluster together in the HIV-1/SIVcpz lineage. In: XIIIth International Conference on AIDS, Durban, South Africa, 2000. Damond F, Apetrei C, Robertson DL, et al.: Variability of human immunodeficiency virus type 2 infecting patients living in France. Virology 2001;280:19 –30. Damond F, Loussert-Ajaka I, Apetrei C, et al.: A highly sensitive method for HIV-2 DNA amplification. J Clin Microbiol 1998;36: 809–811. Tevi-Benissan C, Makuva M, Morelli A, et al.: Protection of cynomolgus macaque against cervicovaginal transmission of SIVmac251 by the spermicide benzalkonium chloride. J Acquir Immune Defic Syndr 2000;24:147 –153. Nerrienet E, Amouretti X, Müller-Trutwin MC, et al.: Phylogenetic analysis of SIV and STLV type I in mandrills (Mandrillus sphinx): Indications that intracolony transmissions are predominantly the result of male-to-male aggressive contacts. AIDS Res Hum Retroviruses 1998;14:785 –796. Fransen K, Zhong P, De Beenhouwer H, et al.: Design and evaluation of new, highly sensitive and specific primers for polymerase



952



51.



52.



53.



54. 55.



56.



57.



58.



59.



60.



61.



62.



SIMON ET AL. chain reaction detection of HIV-1 infected primary lymphocytes . Mol Cell Probes 1994;8:317–322. Miura T, Sakuragi J, Kawamura M, et al.: Establishment of a phylogenetic survey system for AIDS-related lentiviruses and demonstration of a new HIV-2 subgroup. AIDS 1990;4:1257 –1261. Vidal N, Peeters M, Mulanga C, et al.: Unprecedented degree of human immunodeficiency virus type 1 (HIV-1) group M genetic diversity in the Democratic Republic of Congo suggests that the HIV-1 pandemic originated in Central Africa. J Virol 2000;74: 10498–10507. Bikandou B, Takehisa J, Mboudjeka I, et al.: Genetic subtypes of HIV type 1 in Republic of Congo. AIDS Res Hum Retrovirus 2000;16:613 –619. Triques K, Bourgeois A, Saragosti S, et al.: High diversity of HIV1 subtype F strains in Central Africa. Virology 1999;259:99 –109. Müller-Trutwin MC, Chaix ML, Letourneur F, et al.: Increase of HIV-1 subtype A in Central African Republic. J Acquir Immune Defic Syndr 1999;21:164 –171. Fonjungo PN, Mpoudi EN, Torimiro JN, et al.: Presence of diverse human immunodeficiency virus type 1 viral variants in Cameroon. AIDS Res Hum Retroviruses 2000;16:1319 –1324. Tscherning-Casper C, Dolcini G, Mauclere P, et al.: Evidence of the existence of a new circulating recombinant form of HIV type 1 subtype A/J in Cameroon. The European Network on the Study of in Utero Transmission of HIV-1. AIDS Res Hum Retroviruses 2000;16:1313 –1318. Takehisa J, Zekeng L, Ido E, et al.: Human immunodeficiency virus type 1 intergroup (M/O) recombination in Cameroon. J Virol 1999; 73:6810–6820. Peeters M, Liegeois F, Torimiro N, et al.: Characterization of a highly replicative intergroup M/O human immunodeficiency virus type 1 recombinant isolated from a Cameroonian patient. J Virol 1999;73:7368 –7375. Makuwa M, Souquière S, Apetrei C, Tevi-Benissan C, Bedjabaga I, and Simon F: HIV prevalence and strain diversity in Gabon: The end of a paradox. AIDS 2000;14:1275 –1276. Müller-Trutwin MC, Corbet S, Souquière S, et al.: SIVcpz from a naturally infected Cameroonian chimpanzee: Biological and genetic comparison with HIV-1 N. J Med Primatol 2000;29;166 –172. Kraus G, Werner A, Baier M, et al.: Isolation of human immunodeficiency virus-related simian immunodeficiency viruses from



63.



64.



65.



66.



67.



68.



69.



70.



African green monkeys. Proc Natl Acad Sci USA 1989;86: 2892–2896. Allan JS, Kanda P, Kennedy RC, Cobb EK, Anthony M, and Eichberg JW: Isolation and characterization of simian immunodeficiency viruses from two subspecies of African green monkeys. AIDS Res Hum Retroviruses 1990;6:275 –285. Becker Y: Computer analysis of the amino acid sequences in gp41 of apathogenic African green monkey (AGM) virus, less pathogenic HIV-2 and highly pathogenic SIV and HIV-1 lentiviruses. Virus Genes 1992;6:319–332. Apetrei C, Loussert-Ajaka I, Descamps D, et al.: Lack of screening test sensitivity during HIV-1 non subtype B seroconversions . AIDS 1996;10:F57 –F60. Loussert-Ajaka I, Ly TD, Chaix ML, et al.: HIV-1/HIV-2 ELISA seronegativity in HIV-1 subtype O-infected patients. Lancet 1994;343:1393 –1394. Eberle J, Loussert-Ajaka I, Brust S, et al.: Diversity of the immunodominant epitope of gp41 of HIV-1 subtype O and its validity for antibody detection. J Virol Methods 1997;67:85–91. Loussert-Ajaka I, Descamps D, Simon F, Brun-Vézinet F, Ekwalanga M, and Saragosti S: Genetic diversity and HIV detection by polymerase chain reaction. Lancet 1995;346:912 –913. Arnold C, Barlow KL, Kaye S, Loveday C, Balfe P, and Clewley JP: HIV type 1 sequence subtype G transmission from mother to infant: Failure of variant sequence species to amplify in the Roche Amplicor test. AIDS Res Hum Retroviruses 1995;11:999 –1001. Abravaya C, Esping C, Hoenle R, et al.: Performance of a multiplex qualitative PCR LCx assay for detection of human immunodeficiency virus type 1 (HIV-1) group M subtypes, group O, and HIV-2. J Clin Microbiol 2000;38:716 –723.



Address reprint requests to: Cristian Apetrei Virus Laboratory School of Medicine Gr.T. Popa University 16, Universitatii Street 6600 Iasi, Romania E-mail: [email protected]



























des documents recommandant







[image: alt]





National Strategy and Action Plan for the Conservation of the 

Sep 19, 2008 - URL: http://www.minagric.gr. National ...... and opportunistically during short-term research campaigns to specific parts of the country or with a.










 


[image: alt]





National Strategy and Action Plan for the Conservation of the 

Sep 19, 2008 - The reduction of fish stocks in Greek seas seems to have ...... secured in advance given that the money is fund-raised by MOm on a case by ...










 


[image: alt]





The efficiency of depth discrimination for non 

scribed in the General Methods section, constructed as described in Experiment 1. 4.1.2. Procedure. We presented transparent and opaque stereograms as.










 


[image: alt]





The efficiency of speed discrimination for coherent and ... - Core 

For observer JW (Fig. 8B) and EG (Fig. 8C), there is a. 0.001. 0.01 ..... The VideoToolbox software for visual psycho- physics: Transforming numbers into movies.










 


[image: alt]





1 space analysis and the detection of the changes for the follow-up of 

which is 30 km long and 1712 m of high point. â€¢. The â€œsebkhaâ€� of Naama, in the South. It could be collected on a topographic map at 1/100.000eme with following ...










 


[image: alt]





1 space analysis and the detection of the changes for the follow-up of 

1 DÃ©partement de Foresterie, Fac.Sciences, UniversitÃ© de Tlemcen BP 119 TLEMCEN 13000, AlgÃ©rie, [email protected]. 2 Centre universitaire de Mascara ...










 


[image: alt]





Comparison between the reactivity of commercial and synthetic TiO2 

Keywords: Adsorption; Benzamide; Photocatalysis; Solâ€“gel; TiO2. 1. Introduction ... drolysis of the titanium tetra-iso-propoxide in mixture wa- ter/ethanol [8].










 


[image: alt]





Influence of the tool overhanging and of machining strategy on 

machining where the tool path is parallel to the XY plane and the sweeping pitch ... parameters are introduced such as insert re-indexing or the change of the insert. ... The experiment design is analyzed using standard statistical techniques ...










 


[image: alt]





The efficiency of speed discrimination for ... - Pascal Mamassian 

parent stimuli reflect sub-optimal responses to trans- ... speed enhancement effect, in which observers overesti- mated the ...... and kinetic-boundary displays?










 


[image: alt]





Comparison of methods for detection and characterization of ... - Mugnier 

use of adaptive optics systems on large ground-based telescopes has recently ..... this scaling can be done accurately using the discrete Fourier transform ... we see that SDI and ADI alone offer similar performances, with a small advantage.










 


[image: alt]





the concept of synthetic lethality in the context of anticancer 

Aug 19, 2005 - codes' BOX 1 into shRNA vectors, modelled after the use of DNA bar codes in yeast and E. coli (or have used the. shRNA sequence itself as ...










 


[image: alt]





Descriptors for the detection of the chemical risk - Natalia Grabar 

1 Introduction. Chemical risk is relative to situations in which chemical products are ... (Tulechki and Tanguy, 2012), computing the ex- position to the risk (Marre et .... Science and Software Engineering, 2(6):282â€“292. I.H. Witten and E. Frank.










 


[image: alt]





A European strategy for the left - Hussonet 

put the debt in question, either by defaulting on it or restructuring it. ... from a tactical point of view it would be better in this test of strength to use membership in the euro zone as a ... Other solutions exist which need a complete recasting 










 


[image: alt]





For a strategy of rupture and extension - Hussonet 

incumbent, therefore, that a government of the radical left follow a strategy of extension: ... But we propose the extension of this measure to the whole of Europe.










 


[image: alt]





documenting and measuring labour market discrimination of 

whose intent is for permanent settlement, while access to labour markets is dependent on the migrant's ..... When did you become a citizen of COUNTRY?










 


[image: alt]





Building Synthetic Graphical Documents for 

the database organization, finding the ... It uses as entry data a background image, a database of symbol model and a file containing the posi- .... Our first positioning checking concerns the management of the free space of doc- ument. Indeed ...










 


[image: alt]





Monocular discrimination of rigidly and nonrigidly 

rem. Perception & Psychophysics, 42, 355-364. Pomerantz, J. R. (1983). The rubber pencil illusion. Perception &. Psychophysics, 33, 365-368. Saidpour, A.










 


[image: alt]





global model order reduction strategy for the simulation of 

Sep 21, 2011 - The proposed methodology affords the simulation of damage ..... where nc is the dimension of the reduced space, and (Ck)kâˆˆ1,nc ..... each cross section is parametrised by a scalar Ëœx âˆˆ [0, PkPl ], defined by Ëœx = PkM.nkl.










 


[image: alt]





A multibody meshfree strategy for the simulation of highly deformable 

SUMMARY. In this paper, a multibody meshfree framework is proposed for the simulation of granular materials under- ... constitutive law fails to cover the whole set of situations that a granular material may encounter ... gas-like behaviour, etc.).










 


[image: alt]





In search of the optimal management strategy for 

sonnel or financial resources, then this management plan may be preferred. However .... the population to grow when density dependence would normally be ...










 


[image: alt]





Duration discrimination of empty and filled 

On the basis of the results of Experiment 3, the disap- pearance of the superior ... The parameters for each midpoint value are reported in Table 5. The midpoint ...










 


[image: alt]





Duration discrimination of empty and filled 

feedback, and intertrial intervals were as for the 55 method, but both stimuli, the ..... tions were presented 10 times in a random order within each block. Three ofthese ..... auditory-filled,. Ve. = visual-empty, and. Ve. = visual-filled. tTl 0. -Z










 


[image: alt]





Probes for peptide science: design and methodological development 

methodological development. PROGRAM. Thursday, April 8th. Friday, April 9th. 9h-10h. Welcome - Registration -. Coffee/Tea. 9h-9h40. Prof. D. GRAHAM.










 


[image: alt]





An Evolutionarily Stable Strategy Model for the 

tions, about 25% of caterpillars mature within 1 year (fast-developing larvae [FDL]) and the others after 2 years (slow-developing larvae. [SDL]); all available ...










 














×
Report Synthetic Peptide Strategy for the Detection of and Discrimination





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



