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The isothermal nucleic acid sequence-based amplification (NASBA) system was applied for the detection of
rhinoviruses using primers targeted at the 5’ noncoding region (5" NCR) of the viral genome. The nucleotide
sequence of the 5’ NCRs of 34 rhinovirus isolates was determined to map the most conserved regions and
design more appropriate primers and probes. The assay amplified RNA extracted from 30 rhinovirus reference
strains and 88 rhinovirus isolates, it did not amplify RNA from 49 enterovirus isolates and other respiratory
viruses. The assay allows one to discriminate between group A and B rhinoviruses. Sensitivities for the
detection of group B and group A rhinoviruses was 20 and 200 50% tissue culture infective doses, respectively.

Rhinoviruses (RVs) are the most frequent cause of acute
upper respiratory tract infections in humans and are usually
associated with the common cold (22, 24). However, they can
also cause lower respiratory tract infections resulting in severe
disease in children, in the elderly (17, 19, 23, 26), and in
immunosuppressed patients (11, 43; N. Rabella, M. Otegui, M.
Gurgui, R. Labeaga, M. Herrero, J. M. Munoz, and G. Prats,
Abstr. 9th Eur. Congr. Clin. Microbiol. Infect. Dis., abstr.
P1006, 1999). RVs have been isolated in association with an
underlying disease, such as cystic fibrosis (37), and in cases of
otitis media (3) and sinusitis (31). In addition, RV infections
may exacerbate chronic bronchitis and asthma (9, 15, 16, 28).

Andries et al., through evaluation of capsid-binding com-
pounds, classified the RVs into two groups: A and B (2). This
classification correlates with sequence similarities.

Detection of RVs by tissue culture is slow and cumbersome
due to the specific culture conditions required. This limits
diagnostic capabilities to a few reference laboratories (29).
Serologic diagnosis is virtually impossible because of the exis-
tence of more than 100 serotypes.

Several studies have shown RT-PCR to be more sensitive
than culture for the detection of RVs (1, 10, 14, 15, 16, 31, 33).
These assays are based on known sequences of the RV sero-
vars.

Nucleic acid sequence-based amplification (NASBA) (Or-
ganon Teknika, Boxtel, The Netherlands) might offer an inter-
esting alternative to reverse transcriptase PCR (RT-PCR),
because it directly amplifies RNA. It uses the simultaneous
enzymatic activities of avian myeloblastosis virus (AMV) RT,
RNase H, and T7 RNA polymerase under isothermal condi-
tions. The NASBA technique has already been successfully
applied for the detection of human immunodeficiency virus
type 1 (HIV-1) RNA (18), citrus tristeza virus (20), human
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papillomavirus (35), Mycoplasma pneumoniae (21), malaria
parasites (36), human hepatitis C virus (34), and Mycobacte-
rium leprae (40) and for the detection and identification of
Mycobacterium avium and M. tuberculosis (41).

We applied NASBA for the detection of RVs. Because the
sensitivity of the assay based on the known sequences of RVs
was unsatisfactory, we determined the sequence of the 5’ noc-
oding regions (NCRs) of 34 additional RV strains, selected
new primers and probes, and assessed their specificities and
sensitivities for RV strains.

MATERIALS AND METHODS

Virus strains. The 30 RV reference strains (group A: 4, 6, 13, 14, 17, 26, 27,
43, 45,52, 69, 70, 72, 84, 86, and 91; group B: 2, 15, 29, 30, 31, 39, 41, 44, 51, 56,
59, 63, 85, 89) were kindly provided by K. Andries, Janssen Research Founda-
tion, Beerse, Belgium (2). RVs were cultured on MRC-5 cells, and the 50%
tissue culture infective dose (TCIDs,) were determined according to the method
of Kiarber (13). Eighty-eight untyped RVs isolated between 1990 and 1998 from
respiratory specimens at the University Hospital Antwerp were included as well
as a clinical isolate of each of the following: coxsackie viruses B1 to B6; echo-
viruses 1, 3, 11, 20, and 30; polioviruses 1, 2, and 3; 35 untyped enterovirus
isolates; influenza A and B virus; parainfluenza virus 2 and 3; human adenovirus;
respiratory syncytial virus; and herpes simplex viruses types 1 and 2. Viruses were
cultured and titrated in the appropriate cell lines (MRC-5, MDCK, or Hep-2
cells).

Sequence analysis of the 5" NCR of 34 RV strains. The 5' NCRs of a panel of
34 RVs were sequenced. Eighteen reference strains of serovars 6, 13, 17, 27, 29,
39, 43, 45, 51, 52, 59, 69, 70, 72, 84, 85, 86, and 91 and 16 clinical isolates were
chosen arbitrarily. Nucleic acids were isolated by the method described by Boom
et al. (5). In brief, 100 pl of a virus suspension was added to a guanidinium
thiocyanate (GuSCN) (Sigma-Aldrich, Bornem, Belgium) solution, pH 6.2 (4.7
M GuSCN; 46 mM Tris-HCl, pH 6.2; 20 mM EDTA, 1.2% [wt/vol] Triton
X-100), and mixed vigorously for rapid lysis. Seventy microliters of activated
silica (1-g/ml suspension in 0.1 M HCI; Sigma-Aldrich) was added. The mixture
was washed twice with washing solution (5.25 M GuSCN; 50 mM Tris-HCI, pH
6.2), twice with 70% (vol/vol) ethanol, and once with acetone. After drying at
56°C, nucleic acids were eluted from the silica using 100 wl RNase-, DNase-free
H,O and stored at —70°C for sequencing and analysis by NASBA.

Five microliters of the nucleic acid solutions of the RV strains were used in a
50-pl single-tube RT-PCR reaction using the Access RT-PCR System (Promega,
Leiden, The Netherlands) according to the instructions of the manufacturer.
RT-PCR conditions were 1X AMV/Tf] reaction buffer, a 0.2 mM concentration
of each deoxynucleoside triphosphate, 0.02 pmol of primers OL-26 and OL-27
(10) per ml, 0.5 mM MgSO,, AMV RT (0.1 U/pl), and 7fl DNA polymerase (0.1
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TABLE 1. RV primer and probe sequences

Oligonucleotide Sequence” Position® Function

Primer
Rhino-P1.1 pd 904 5" AATTCTAATACGACTCACTATAGGGAGAGAGCACACGGGGGTCTTCACA 3" 239-258 Downstream primer group B RV
Rhino-P1.5 EG 59 5" AATTCTAATACGACTCACTATAGGGAGAGAGCACACGGGGCTCTTC 3’ 242-258  Downstream primer group B RV
Rhino-P2.1 pd 906 5" AGACCTGGCAGATGAGGCT 3’ 131-149  Upstream primer group B RV
Rhino-P1.2 pd 905 5" AATTCTAATACGACTCACTATAGGGAGAGAGCACACGGGGCTCTTCACA 3’ 239-258 Downstream primer group A RV
Rhino-P1.6 pd 1275 5" AATTCTAATACGACTCACTATAGGGAGAGAGCTCAGTGGGCTCTTC 3’ 242-258  Downstream primer group A RV
Rhino-P2.2 pd 907¢ 5" TAGTCTGGTCGATGAGGCT 3’ 131-149  Upstream primer group A RV
Rhino-P2.3 pd 1274 5" TAGCTTAGGCTGATGAGTC 3’ 131-149  Upstream primer group A RV
OL-26¢ 5" GCACTTCTGTTTCCCC 3’ RT-PCR primer
OL-27¢ 5" CGGACACCCAAAGTAG 3’ RT-PCR primer

Probe
Rhino-BIO1 pd 908* 5" CCCCACTGGCGACAGTGT 3’ 157-174  Biotin capture probe group B RV
Rhino-BIO3 pd 1147 5" CCCCACTGGYRACAGTGK 3’ 157-174  Biotin capture probe group B RV
Rhino-N1 pd 910¢ 5" AGCCTGCGTGGCTGCCTGC 3’ 178-196  ECL probe group B RV
Rhino-BIO2 pd 909* 5" CCCCACGGGCGACCGTGT 3’ 157-174  Biotin capture probe group A RV
Rhino-BIO8 pd 1277 5" CCCCACTGGTGACAGTGG 3’ 157-174  Biotin capture probe group A RV
Rhino-N2 pd 911¢ 5" AGCCTGCGTGGCGGCCAGC 3’ 178-196  ECL probe group A RV
Rhino-N5 pd 1276 5" AGGCTGCGTTGGGGCCTAC 3’ 178-196  ECL probe group A RV

“ Primers and probes used initially, based on published sequences of the rhinovirus 5" NCRs.

® Single-letter code: R, A or G; Y, Cor T; K, G or T.
¢ Positions based on numbering of Mori et al. (27).
4 Data from Gama et al. (10.).

U/ul). After the RT reaction at 48°C for 45 min, the resulting 5" NCR ¢cDNA was
amplified by one incubation step at 94°C for 2 min, 40 cycles at 94°C for 30 s,
60°C for 1 min, 68°C for 2 min each, and one final incubation step at 68°C for 7
min. To avoid contamination sample preparation, setup of the reactions and
setup of the product analysis were done in separate rooms. As a control, negative
samples were processed simultaneously. Sequencing of the resulting amplifica-
tion products was performed by Eurogentec (Seraing, Belgium) using primer
OL-26.

Primers and probes. Primers and probes used are listed in Table 1. The
primers initially used (pd 904, pd 905, pd 906, and pd 907) were based on the
published sequences of the RV 5’ NCRs (4, 6, 27, 38). The 5" end of the P1
primers is a T7 RNA polymerase promoter sequence followed by a stretch of
nucleotides complementary to the sequence of the target RNA. The sequences
of the P2 primers are identical to the target RNA sequence.

At first, primer mix 1, containing pd 904, pd 905, pd 906, and pd 907, was
applied to all RVs. Primer mix 2, containing pd 905, pd 907, pd 1274, and pd
1275, was used for the amplification of group A viruses, and primer mix 3
containing EG 59 and pd 906 was used for the amplification of group B viruses.

For electrochemiluminescence (ECL) detection, biotin-labeled probes were
used in combination with ruthenium-labeled detection probes. Probe combina-
tions I (consisting of pd 909 and pd 911) and II (pd 909, pd 911, pd 1276, and pd
1277) were used to detect group A viruses and probe combinations III (pd 908
and pd 910) and IV (pd 908, pd 910, and pd 1147) were used to detect group B
viruses.

The new primers and probes were chosen on the basis of the manual align-
ments of the P1 and P2 binding sites and on the hybridization sites of the ECL
and biotin probes. No specific software was used.

NASBA and ECL detection. Nucleic acids were extracted by the method of
Boom et al. (5). NASBA reactions were performed as described by Ovyn et al.
(30). In negative controls, target nucleic acid was replaced by 5 pl of RNase-,
DNase-free H,O. The amplification products were processed immediately for
ECL detection (42).

Amplicons were captured by hybridization with specific biotin-labeled oligo-
nucleotide probes bound to streptavidin-coated magnetic particles and were
detected with ruthenium labeled ECL probes (Table 1). For hybridization, 5 .l
of the amplicons, diluted according to the instructions of the manufacturer, were
added to a mixture consisting of 10 pl of biotin capture probe and 10 pl of ECL
detection probe followed by a 30-min incubation at 41°C. Finally, 300 wul of
NucliSens Reader assay buffer (Organon Teknika) were added and read in an
ECL reader (Organon Teknika). To determine the cut off, 100 different individ-
ual truly negative samples were evaluated by both assays. In each run, a tube with
the reference solution was included. The measured counts were recalculated to
the same signal of the reference solution, i.e., 20,000 counts. The average and
three times the standard deviation of the 100 measurements were calculated. The
cutoff level is expressed relative to the signal of the reference solution, according

to the following formula: [(3 X standard deviation) + average]/20,000. The
results of both NASBA assays were considered positive above a cutoff of 0.017x
and 0.015 times the signal of the reference solution (or above 2.01 and 1.96 times
the signal of the negative control, correspond in both cases to the average of the
negative samples plus 3 standard deviations) for RV group A and RV group B,
respectively.

To measure cross hybridization, the amplicons obtained from the RV refer-
ence strains were hybridized with all four probe combinations.

Specificity and sensitivity of the NASBA assays. The specificity of the assays
was determined by testing the respiratory and enteric viruses listed above. The
sensitivity of the NASBA assays was determined on serial 10-fold dilutions of the
RV reference strains in tissue culture medium (Life Technologies, Merelbeke,
Belgium). Amplifications were performed with primer mixes 1 and 2 for group A
viruses, and primer mixes 1 and 3 for group B viruses, followed by detection with
probe combinations I and II for group A viruses and combinations III and I'V for
group B viruses.

Typing of RV clinical isolates. Nucleic acids from 88 clinical RV isolates were
amplified with the three primer mixtures. The amplicons obtained with primer
mixture 1 were hybridized with probe combinations I and III and the amplicons
obtained with primer mixtures 2 and 3 were hybridized with probe combinations
II and IV for the detection of group A and group B viruses, respectively.

Nucleotide sequence accession numbers. The nucleotide sequence data re-
ported in this paper have been deposited in the GenBank sequence database
under accession no. AF542419 to AF542452.

RESULTS

Sensitivities of NASBA primers. The sensitivity of the assay
obtained with primer mix 1 (pd 904, pd 905, pd 906, and pd
907) and probe combinations I (pd 909 and pd 911) and III (pd
908 and pd 910) was not satisfactory for both groups of RVs
(Tables 2 and 3). After sequencing of additional strains and
synthesis of new primers (pd 1274, pd 1275, and EG59) and
probes (pd 1147, pd 1276, and pd 1277) covering a broader
spectrum of RV strains, primer mix 2, composed of pd 905, pd
907, pd 1274, and pd 1275, and probe combination II (pd 909,
pd 911, pd 1276, and pd 1277) were used for the amplification
and detection of group A viruses. Primer mix 3, composed of
EG 59 and pd 906, and probe combination IV (pd 908, pd 910,
and pd 1147) were used for the amplification and detection of
group B viruses.
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TABLE 2. Group A RVs sensitivity of NASBA using
the different primer and probe sets

Detection level (TCIDs,/ml)
RV reference

strain Primer mix 1, probe Primer mix 2, probe
combination I combination II

4 2,000

6

13 2,000

14

17 20,000 200

26

27 2,000

43 2,000

45 2,000

52 1,800

69 2,000

70 20,000 2,000

72

84

86

91 2,000

For group B viruses maximal sensitivity (2 to 200 TCIDs,/
ml) was obtained with primer mixture 3 in combination with
probe combination IV for RV serovars 2, 15, 29, 30, 31, 39, 41,
44,51, 56, 59, 63, 85, and 89 (Table 3). For group A RVs, the
sensitivity obtained with primer mix 2 and probe combination
II was lower for RV serovars 4, 13, 27, 43, 45, 52, 69, 70, and
91; a negative result was obtained for serovars 6, 14, 26, 72, 84,
and 86 (Table 2).

Specificity of the NASBA RV assay. Primer mixture 1 di-
rected the amplification of group A and group B RVs, whereas
primer mixtures 2 and 3 directed the amplification of group A
and group B RVs, respectively. Probe combinations I and II
hybridized specifically with group A RV amplicons and probe
combinations III and IV hybridized specifically with group B
RV amplicons.

NASBA performed with these primers and probes on RNA
extracted from other respiratory viruses remained negative
except for one untyped enterovirus clinical isolate.

Typing of RV clinical isolates. NASBA using primer mix 1
and probe combinations I and III classified 80 of 88 (90.9%) of
clinical isolates as group B RVs. Primer mix 3 and probe
combination IV allowed the classification of one more iso-
late (M7037562). For seven isolates (M0107266, M2107365,
M4057351, M5037478, M5047305, M6097243, and M7037147)
no positive ECL signal was obtained. For five of these
(M4057351, M5037478, M5047305, M6097243, and M7037147)
this is probably due to the presence of a high number of
mismatches in the regions targeted for amplification and
detection (Fig. 1). We were unable to sequence isolates
MO0107266 and M2107365 because of failure of the RT-PCR.

Conserved 5’ NCR subregions. As a result of the different
sensitivity levels, with primer mix 1 and probe combinations I
and III (Table 2 and 3), the 5" NCR of 34 RV strains or isolates
was sequenced.

The 5" NCR regions we choose for primer and probe design
are fairly conserved among the different RV strains (Fig. 1 and
2). For group B RVs (Fig. 2), the 5" NCR showed little se-
quence variation in the subregion of the P2 primer and the
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ECL detection probe. There was more sequence variation,
however, in the subregion of the P1 primer (pd 904) and the
biotin capture probe (pd 908). The length of this P1 primer (pd
904) was reduced by 3 nucleotides at its 3’ end (EG 59) and
additional versions of the biotin labeled capture probe (pd
1147) were developed to improve the performance of the as-
say. There is more sequence variation in the 5'NCR of the
group A viruses (Fig. 1). To obtain an assay with a better
sensitivity three nucleotides at the 3’ terminus of the initial P1
primer (pd 905) were removed. Additional versions of biotin
capture (pd 1277) and ECL (pd 1276) probes were developed
to cover mismatches, including an insertion located in the
region of the ECL detection probe and observed in the 5’ NCR
sequence of RVs 13, 27, 43 and 45 (Fig. 1).

DISCUSSION

The aim of this study was to develop a NASBA assay to
detect RVs and classify them among group A and group B.
Assays with primers and probes based on published 5 NCR
sequences (27) were negative for many RVs. Therefore, the 5’
NCR of 34 serovars was sequenced, revealing mismatches be-
tween the 5" NCRs and the primers and probes used. These
mismatches could be expected since the original primers were
based on the nucleotide sequences of 14 strains only.

Based on these results, new oligonucleotide primers and
probes specific for group A and group B viruses were synthe-
sized. In comparison with the primers used initially (pd 904, pd
905, pd 906, and pd 907) only slight modifications had to be
introduced. For the amplification of group B viruses, only 2
primers are required. The omission of the first three nucleo-
tides at the 3’ terminus of the P1 primer and the use of probe
combination IV considerably improved the analytical sensitiv-
ity of the assay. For the amplification of group A viruses, four
primers are still required. In this case also, the omission of the
first three nucleotides at the 3’ terminus of the P1 primer and
the synthesis of new probes improved the analytical sensitivity
of the assay. Gobbers et al. (12) reported that single point
mutations near the 3’ end of the primers, closely followed by a

TABLE 3. Group B RVs sensitivity of NASBA using
the different primer and probe sets

Detection level (TCIDsy/ml)

RV reference
strain Primer mix 1, probe
combination III

Primer mix 3, probe
combination IV

2 ND* 200
15 20 20
29 0.2 2
30 ND 20
31 ND 20
39 200,000 20
41 200,000 200
44 ND 20
51 200,000 200
56 ND 20
59 2,000 20
63 200 20
85 200,000 20
89 2,000 20

“ND, not done.
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P2 Biotin probe ECL-probe P1
CCCCACGGGTGACCGTGT TGTGAAGACTCGCATGTGCT
...... T..C...A...G e GCLL G
...... T......A...G s.......GC.CAC..A
......... Cooonis e CLAG. ...
...... T......A...G s.......GC.CAC..A
...... T......A...G ........GC.CAC..A
...... T......A.. +.......GC.CAC..A
......... Coovnvnnn T &
...... T..C...A...G [P ¢ & ¢
...... T...A..A e GCLCLGlL L.
......... Covvnnns N G 6 &
......... Covnnnn F Y & €
......... Covinnnns C......C.A.G......
.......................... TCTTA.......
......... Tooon.. e e
...... A...A..T P V-4
...... T..C...A...G ev......G.TTAT..A
......... Coovvnnns ceeee....CLAGLLL L
......... Covinnns T

FIG. 1. 5" NCR subregion sequences of group A RVs.

J. CLIN. MICROBIOL.

RV reference strain

14 (Mori)

6 (This study)

7 (Andeweg)

13 (This study}
17 {(Mori, this study)
27 {(This study)
37 (Andeweg)

43 (This study)
45 (This study)
52 (This study)
58 (Andeweg)

62 (Andeweg)

69 (Mori)

69 (This study)
70 (Mori, this study)
72 {This study)
72 {Andeweg)

84 (This study)
86 (This study)
87 {(Andeweg)}

91 (This study)
9219168 (Andeweg)

second mismatch, seem to hamper amplification. This could
explain why no amplification was obtained with RNA obtained
from reference strains 14, 72, and 84 and why the seven clin-
ical isolates (M0107266, M2107365, M4057351, M5037478,

P2 Biotin probe
AGACCTGGCAGATGAGGCT CCCCACTGGCGACAGTGT

ECL-probe

M5047305, M6097243, and M7037147) could not be typed
(Fig. 2). Five strains (4, 41, 26, 56, and 89) and two clinical
isolates (M0107266 and M2107365) could not be sequenced as
no RT-PCR amplicons could be obtained, probably also re-

AGCCTGCGT-GGCTGCCTGC

Pl
TGTGAAGAGCCCCGTGTG-CT

FIG. 2. 5" NCR subregion sequences of group B RVs.

RV reference strain
15 (Mori)

1A (Andeweg)

1B (Mori)

2 (Mori)

16 {(Bardin)

21 {Andeweg)

29 (Andeweg, this study)
30 (Mori)

31 (Mori)

39 (This study)

41 (Mori)

44 (Mori)

49 (Torgersen)

51 (This study)

56 (Mori)

59 (This study)

63 (Mori)

85 (This study)

89 (Mori)

9300423 (Andeweg)
9304433 (Andeweg)
9306388 (Andeweqg)
9322586 (Andeweg)
9324070 (Andeweg)
9401605 (Andeweg)
9408089 (Andeweg)
9409389 (Andeweg)
9505109 (Andeweg)
9409504 (Andeweg)
9500753 (Andeweg)
9501470 (Andeweg)
9501692 (Andeweg)
9501943 (Andeweg)
9502512 (Andeweg)
9504967 (Andeweg)
9501821 (Andeweqg)
M4047129 (This study)
M4057351 (This study)
M4067077 (This study)
M5037478 (This study)
M5047305 (This study)
M5047007 (This study)
M6037300 (This study)
M6097243 (This study)
M6117258 (This study)
M7037562 (This study)
M7037147 (This study)
MI97058122 (This study)
MI97058522 (This study)
MI97068210 (This study)
MI98018351 (This study)
M0107078 (This study)
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sulting from mismatches at critical positions in the RT-PCR
primers. Coste et al. (7) mentioned that the presence of more
than four point mutations in a primer decreases the amplifi-
cation efficiency of the RT-PCR and that a number of mis-
matches in combination with one or two critical mismatches
results in a complete absence of amplification.

Andeweg et al. (1) reported that RV 87 causes a special
problem because it has an enterovirus-specific insertion at po-
sition 359. We found the same extra nucleotide in the 5" NCR
sequence of reference RV strains 13, 27, 43, and 45. To avoid
misclassification, an ECL detection probe, pd 1276 (Table 1),
containing this extra nucleotide was designed.

The sensitivity for the detection of group B viruses was 20
TCIDsy/ml but was lower for group A RVs. This should not
constitute a serious diagnostic problem because group A vi-
ruses seem to be less prevalent.

Since the NASBA primers we designed are based on the
sequences of a large set of RVs, including recent isolates be-
longing to both groups A and B (2, 39), it is expected that the
new assay will detect the majority of the group B RVs currently
circulating as well as some group A RVs. Moreover, RVs
circulating at present as well as prototype RVs, isolated many
years ago, still appear to have the same conserved sequences.

Our new assay is highly specific, since a panel of other
respiratory viruses was not amplified except one enterovirus
isolate. Of about 35 enterovirus isolates tested, only one un-
typed enterovirus isolate was positive when tested undiluted in
the NASBA assay. However, when this isolate was grown semi-
quantitatively, it was culture positive in a range from undiluted
to 10~® and thus contained high concentrations of virus. The
ECL signal was only weakly positive (ECL counts below
25,000) in the undiluted sample and contained a titer of en-
teroviruses that, in our opinion, is higher than any ever reached
in a respiratory clinical specimen, and therefore will not influ-
ence the specificity of our RV amplification test.

In this study, all NASBA-positive clinical isolates belonged
to group B, confirming the serotyping-based observations of
Andries et al. (2), Monto et al. (25), Krilov et al. (19), and Fox
et al. (8) and the sequence-based observations of Andeweg et
al. (1).

The sensitivity of our NASBA assay compares favorably with
those of the assays developed by Samuelson et al. (32), Gama
et al. (10), and Johnston et al. (16), who detected selected RV
strains at levels between 1 and 10 TCID5,/ml.

In conclusion, through the synthesis of a new set of primers
and probes, a sensitive and specific NASBA assay for the
detection of group B RVs was developed.
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