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Real-time PCR has been developed to genotype measles virus (MV) isolates. MV strains circulating in
epidemics in Gabon in 1984, Cameroon in 2001, Morocco in 2003, and France in 2004 were investigated. We
developed a real-time amplification refractory mutation system PCR (RT-AMRS PCR) using SYBR green
fluorescent dye. Six pairs of primers for RT-ARMS PCR were designed to specifically amplify genotypes A, B2,
B3.1, B3.2, C2, and D7. Genotypes could be differentiated by melting curve analysis. All strains were also
confirmed by direct sequencing. Using the result obtained by direct sequencing and phylogenetic analysis as the
reference, the accuracy of MV by RT-ARMS PCR and melting curve analysis was 97%. However, the latter
method is more rapid and sensitive than the former method. This method could be a useful tool for molecular
epidemiological studies of MV, providing an efficient alternative for large-scale studies.

Measles virus (MV) infection is a public health problem
worldwide, with an estimated 30 million people infected and
530,000 deaths in 2003 (21). MV is serologically a monotypic
virus; however, diversity within the complete hemagglutinin
(H) gene and the C-terminal part of the nucleoprotein (N)
gene has allowed the classification of MV into eight clades,
designated A to H, including 22 genotypes (22). Measles has
been designated as a target for eradication by the WHO by the
year 2010. According to a strategic plan for the elimination of
measles, molecular epidemiology will play an essential role in
measuring the impact of the vaccination campaign in countries
where the disease remains endemic and in tracing the source of
MVs isolated in countries with an advanced eradication pro-
gram, where most cases are imported.

The WHO recommends the genotyping of representative
strains in every outbreak. This is essentially performed by
nucleotidic sequencing of genomic fragments followed by phy-
logenetic analysis. Although this method is the “gold standard”
and allows direct classification, it is time-consuming and ex-
pensive and does not allow rapid analysis of numerous sam-
ples. Alternative methods have been described, such as restric-
tion fragment length polymorphism and nucleotide-specific
multiplex PCR to differentiate MV strains (11, 18). These
methods rely on gel electrophoreses analysis that can lead to
ambiguous interpretations. Samuel et al. (17) developed a
method based on a modification of the amplification refractory
mutation system, which was limited to a single genotype and

needed a post-PCR enzyme-linked immunosorbent assay anal-
ysis, which is time-consuming.

In this study, a method for genotyping measles virus was
performed by real-time amplification refractory mutation sys-
tem (RT-ARMS) PCR using SYBR green fluorescent dye. The
method uses genotype-specific primers to specifically amplify
MV genotypes. This novel assay allows real-time detection of
PCR products, and the genotype is subsequently determined
by melting curve analysis. In the present studies, RT-ARMS
PCR was used to genotype 30 isolates from MV outbreaks in
Africa and France. The results using this method were con-
firmed by comparison to the direct sequencing technique with
the same sample. The data show that this new method has the
advantages of rapidity, reproducibility, and accuracy, which
would be both feasible and attractive for large-scale use.

MATERIALS AND METHODS

Patients and virus isolation. Viruses were isolated from clinical specimens of
patients with clinically diagnosed measles during different epidemics. Three
clinical specimens were from Libreville, Gabon, in 1984, and 17 specimens were
from Yaounde, Cameroon, in 2001. The sequences of certain of these strains
have been previously published (9, 19). Seven urine samples were collected at the
time of measles outbreaks in Casablanca, Taroudant, and other locations within
Morocco in 2003. In addition, three samples were collected from sporadic cases
during 2004 in France.

One sample was isolated in Caen (Caen-04) from an adult, and the two others
were isolated in Lyon (Lys04-1 and Lys04-2). Strain Lys04-1 was isolated from a
patient after a vacation in Africa, and strain Lys04-2 was isolated from a child
after measles-mumps-rubella vaccination.

Samples were taken within 6 days after the onset of the rash. Peripheral blood
mononuclear cells were isolated by Ficoll gradient centrifugation and coculti-
vated either with Vero cells for the Gabon strains from 1984 or with B95a cells
for other samples in Dulbecco’s modified Eagle’s medium supplemented with
2% fetal calf serum. Viruses were stored at �80°C.

Further MV strains were used to set up the RT-ARMS PCR assay. They are
summarized in Tables 1 and 2.

* Corresponding author. Mailing address: INSERM U404—Immu-
nity and Vaccination, IFR128, 21 Avenue Tony Garnier, 69365 Lyon
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Measles virus genotyping by sequence analysis. All samples analyzed by RT-
ARMS PCR were initially genotyped by sequence analysis. Viral RNA was
extracted from the infected cell supernatant using the RNA extraction kit
(QIAamp Viral RNA Mini kit; QIAGEN Inc., Valencia, CA) according to the
manufacturer’s instructions. The reverse transcriptase PCR for the N and H
genes was carried out, and the amplicons were purified and sequenced as pre-
viously described (9). Multiple alignment of nucleotide sequences and construc-
tion of phylogenetic trees were carried out using the Clustal X program, version
1.81 (8), and confirmed with 1,000 bootstrap replicates.

Design of genotype-specific primer for RT-ARMS PCR. To identify specific
single-nucleotide polymorphisms (SNPs) (also called genotype-specific nucleo-
tides), for genotype differentiation, we studied the multiple alignments of 450
nucleotides of the C-terminal region of nucleoprotein gene sequences, which are
currently available from the viral reference genome database (http://www.ncbi
.gov). For each genotype identified, one or more genotype-specific nucleotides
were identified. A pair of primers, each with an SNP at the 3� end for genotypes

A, B2, B3.1, and C2, was designed. For genotypes B3.2 and D7, only one primer
contains the SNP, as we were unable to find an appropriate SNP for the second
primer. To optimize the amplification during the RT-ARMS PCR, the primers
were chosen to yield a product between 100 and 200 bp. Based on the principle
described previously by Newton et al. (13) and modified by Bai and Wong (2), to
increase the specificity of the RT-ARMS reaction, mismatches were introduced
at the two nucleotides immediately 5� to the SNP. Hence, during the annealing
process, the primers would match with targets containing perfectly complementary
sequence rather than with the ones containing the mismatched signature SNP.

N-gene first-round amplification. Viral RNA was extracted from infected cell
supernatants using the QIAamp Viral RNA Mini kit (QIAGEN). Specific cDNA
of the N gene was synthesized by reverse transcription at 55°C for 30 min,
immediately followed by PCR amplification in the same tube, using SuperScript
One-Step reverse transcription-PCR with platinum Taq (Invitrogen) according
to the manufacturer’s instructions.

For the N gene, primers MVNPCR2 (nucleotides 975 to 996 [5�-GCTGGT
GAGTTATCCACACTTG-3�]) and MVNPCR4 (nucleotides 1701 to 1722
[5�-GTAGGCGGATGTTGTTCTGGTC-3�]) were used to amplify a 747-bp
fragment. The PCR cycling program consisted of a denaturation step for 4 min
at 94°C followed by 35 cycles of 30 s at 94°C, 45 s at 55°C, and 45 s at 72°C with
a final extension step for 7 min at 72°C. All products were held at 4°C. These
products were used as a target for RT-ARMS PCR.

Genotyping of MV by RT-ARMS PCR. Previously genotyped samples served as
controls for developing the genotyping assay based on RT-ARMS PCR and
melting curve analysis. RT-ARMS PCR was performed using the ABI PRISM
7000 sequence detection system (Applied Biosystems). A master mix reaction
mixture was prepared and dispensed in 15-�l aliquots into thin-walled microAmp
optical tubes (ABI PRISM; Applied Biosystems). Five microliters of N-gene
PCR product was then added to each tube. The final reaction mixture contained
400 nM of each primer, 12.5 �l of 2� Platinum SYBR green qPCR SuperMix
initial uracil DNA glycosylase, 0.5 �l Rox reference dye (Invitrogen), and
RNase-free water to complete the reaction mixture volume to 20 �l. All reactions
were performed in duplicate. To test the sensibility of the RT-ARMS PCR, first
reactions were assayed using three different dilutions of target containing 0.26
ng, 2.60 ng, or 26 ng of PCR product.

The PCR was performed with an initial uracil DNA glycosylase decontamina-
tion step at 50°C for 2 min followed by a hot-start denaturation step at 95°C for

TABLE 1. MV strains used to establish the RT-ARMS PCR

Strain Description Genotype Reference
or source

Edmonston Vaccine strain A 10
Halle Vaccine strain A 4
Rouvax Vaccine strain A 6
Zagreb Vaccine strain A 14
R113 MVi/Libreville.GAB/84 (R113) B2 19
R115 MVi/Libreville.GAB/84 (R115) B2 This study
Ibadan 10 MVi/Ibadan.NIE/10.98 B3.1 9
CR81 MVi/Yaounde.CAM/8.01/6 B3.1 19
Lys MVi/Lyon.FRA/94 B3.2 7
G954 MVi/Gambia/93 B3.2 9
M48 MVi/Temara.MOR/6.03 C2 This study
M185 MVi/Sefrou.MOR/24.03/1 C2 This study
Lys03 MVi/Lyon.FRA/03 D7 23
Pa01 MVi/Paris.FRA/01 D7 23

TABLE 2. Genotypes and GenBank accession numbers of the different strains analyzed in this study

Strain Description Genotype
Accession numbera

N gene H gene

CR63 MVi.Yaounde.CAE/6-1.01 B3.1 DQ267506 ND
CR64 MVi.Yaounde.CAE/6-2.01 B3.1 DQ267507 ND
CR65 MVi.Yaounde.CAE/6-3.01 B3.1 DQ267508 ND
CR66 MVi.Yaounde.CAE/6-4.01 B3.1 DQ267509 ND
CR68 MVi.Yaounde.CAE/6-6.01 B3.1 DQ267510 ND
CR69 MVi.Yaounde.CAE/6-7.01 B3.1 DQ267511 ND
CR70 MVi.Yaounde.CAE/6-8.01 B3.1 DQ267512 ND
CR76 MVi.Yaounde.CAE/8-1.01 B3.1 DQ267513 ND
CR77 MVi.Yaounde.CAE/8-2.01 B3.1 DQ267514 ND
CR78 MVi.Yaounde.CAE/8-3.01 B3.1 DQ267515 ND
CR79 MVi.Yaounde.CAE/8-4.01 B3.1 DQ267516 ND
CR80 MVi.Yaounde.CAE/8-5.01 B3.1 DQ267517 ND
CR81 MVi.Yaounde.CAE/8-6.01 B3.1 DQ267518 ND
Lys04-1 MVi.Lyon.FRA/20.04/1 B3.1 DQ267519 DQ267504
Lys04-2 nvs.Lyon.FRA/20.04/2 A DQ267520 ND
Caen04 MVi.Caen.FRA/04 B3.1 DQ267521 DQ267505
R102 MVi.Libreville.GAB/84 (R102) B2 DQ267522 ND
R112 MVi.Libreville.GAB/84 (R112) B2 DQ267523 ND
R115 MVi.Libreville.GAB/84 (R115) B2 DQ267524 ND
M48 MVi/Sefrou.MOR/6.03 C2 DQ267525 DQ267497
M76 MVi/Kelâa.MOR/13.03 C2 DQ267526 DQ267498
M140 MVi/Casablanca.MOR/19.03/1 C2 DQ267527 DQ267499
M141 MVi/Casablanca.MOR/19.03/2 C2 DQ267528 DQ267500
M148 MVi/Taroudant.MOR/19.03/3 C2 DQ267529 DQ267501
M150 MVi/Taroudant.MOR/19.03/4 C2 DQ267530 DQ267502
M185 MVi/Temara.MOR/24.03/1 C2 DQ267531 DQ267503

a ND, not done.
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10 min. Next, PCR amplification was carried out for 40 cycles at 95°C for 15 s and
60°C for 1 min. The fluorescence was read during the reaction, allowing a
continuous monitoring of the amount of PCR product. After amplification,
melting curve analysis was performed on the product by heating from 60°C to
95°C for 20 min.

The real-time PCR data were analyzed with ABI PRISM 7000 SDS v1.1 data
analysis software (Applied Biosystems). The melting temperature (Tm) indicated
by the derivative melting curves in each sample was used to identify the MV
genotype. The samples whose melting curves shared the same Tm point with the
control genotypes were interpreted as belonging to the same genotype.

Nucleotide sequence accession numbers. Nucleotide sequences for MV strains
analyzed in this study have been deposited in the GenBank database under the
accession numbers listed in Table 2.

RESULTS

MV genotyping by sequence analyses. MV RNA from iso-
lates was amplified (30 isolates for the N protein and 9
isolates for the H protein) by PCR. The sequence analyses
of these isolates (Fig. 1) showed that the Gabon measles
strains were genotype B2, as previously described (19). All
Cameroonian strains were highly related to each other. At
the nucleotide level, there was less than 0.2% heterogeneity
within the N gene. Phylogenetic analyses showed that they
belonged to genotype B3.1. These studies confirmed our

previous results in which we sequenced four strains (H and
N genes) from the same epidemic (9).

All samples collected during outbreaks in Morocco were
related to each other and to the samples circulating during the
1998 and 1999 epidemics (1), as the nucleotide heterogeneity
was less than 0.2% for the N gene and 0.5% for the H gene.
They were all determined to be genotype C2. Since the initial
studies of molecular characterization of measles viruses in
Morocco in 1998, only genotype C2 has been found.

Measles viruses from sporadic cases isolated in France dur-
ing 2004 were genotyped. Of the three samples collected, two
were genotype B3.1. An imported case (a sample from a pa-
tient who had recently traveled to Algeria) was isolated in
Lyon. The second genotype B3.1 case isolated in Caen was also
an imported case, as the patient was in contact with a for-
eigner. The third sample, isolated from a child 15 days after
measles-mumps-rubella vaccination, belonged to genotype A.

Design of the RT-ARMS PCR assay for genotype identifica-
tion. The 450 C-terminal nucleotides of the N gene of measles
virus contain sufficient nucleotide variation to allow discrimi-
nation among genotypes by phylogenetic analysis. This region
was selected for the development of an assay that could dis-

FIG. 1. Phylogenetic analysis of measles isolates based on the N gene (A) and the H gene (B). Significant bootstrap values (�80%) are
indicated.
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criminate between different genotypes by using primers that
hybridize with genotype-specific nucleotides, also called SNPs.
These SNPs were selected after multiple alignments of differ-
ent measles virus nucleoprotein C-terminal sequences avail-
able from the NCBI database. We designed specific primers
that could discriminate between genotypes A, B2, B3.1, B3.2,
C2, and D7 (Table 3).

Genotype-specific reactivity of specific primers in RT-
ARMS PCR. A well-characterized panel of 14 isolates from
genotypes A (four isolates), B2 (two isolates), B3.1 (two iso-
lates), B3.2 (two isolates), C2 (two isolates), and D7 (two
isolates) was tested with our genotype identification assay.
Figures 2 and 3 show the results using the specific genotype
primers. Whereas a positive genotype had a cot value of 15 to
30 cycles, the heterotypic genotypes failed to reach a positive
value.

In order to analyze the sensitivity of the RT-ARMS PCR,
three different concentrations were used per specimen. Good
amplification curves were obtained with 0.26 ng of PCR prod-
uct, whereas higher concentrations led to the inhibition of the
RT-ARMS PCR. We therefore used 0.26 ng of target in all
assays described in this study. All PCR products amplified after
32 cycles were considered to be false positives.

The primers designed to detect genotypes A, B2, B3.1, and
C2 were highly specific (Fig. 2), as only the targeted genotype
was amplified by the corresponding primers. The Tm values for
genotypes A, B2, B3.1, and C2 were 83.2, 85.2, 87.3, and
82.4°C, respectively.

The primers for genotype B3.2 reacted preferentially with
the targeted genotype; however, the B3.1 genotype was also
amplified. In this case, the B3.2-specific primers were a hun-
dred times less efficient than in the homologous system. How-
ever, the PCR products from different genotypes could be
differentiated by their different melting temperatures (Fig.
3B). The genotype B3.2 product had a Tm value of 86.2°C,
whereas non-B3.2 genotypes amplified by the B3.2-specific
primers had Tm values of 85.4 and 87.1°C for genotypes A and

B3.1, respectively. Similar results, i.e., different peaks but dis-
tinguished by Tm values, were obtained with the primers for
genotype D7 (data not shown).

Measles outbreak investigations by RT-ARMS PCR. We
tested a panel of 30 samples collected during various mea-
sles outbreaks: Gabon in 1984 (3 samples), Cameroon in
2001 (17 samples), Morocco in 2003 (7 samples), and spo-
radic cases in France in 2004 (3 samples). These viruses
included the genotypes A (1 sample), B2 (3 samples), B3.1
(19 samples), and C2 (7 samples), as determined by sequencing
and phylogenetic analysis of the C-terminal part of the nucleo-
protein (Fig. 1 and 4).

The sample of genotype A was positive with the genotype
A-specific primers, with a Tm of 83.2°C corresponding to the
specific Tm of genotype A. All three B2 and seven C2 samples
were positive with B2- and C2-specific primers with corre-
sponding Tm values of 85.2 and 82.4°C, respectively. Of the 19
samples of genotype B3.1, all but one were positive with ge-
notype B3.1-specific primers, with a Tm of 87.3°C specific for
genotype B3.1. The sequence of the target region of the single
negative virus isolate was analyzed for mismatches with the
primer-hybridizing region. The results show that this sample
has one mutation, C1611T, next to the mismatches that we intro-
duced in the reverse primer, increasing the number of mismatches
to three consecutives nucleotides, between the target sequence
and the specific primer, thus probably prohibiting hybridiza-
tion of the primer.

To confirm the specificity of the RT-ARMS PCR method,
at least three samples from each outbreak were investigated
using all sets of primers designed in this study. The results
show that only the A specimens were amplified by the ge-
notype A-specific primers. Similar results were observed
with B2-, B3.1-, and C2-specific primers, which specially
amplified the corresponding specimens. In contrast, primers
specific for genotypes B3.2 and D7 amplified at least two
other genotypes but with a lower efficacy than their corre-
sponding targets (data not shown).

TABLE 3. Genotype-specific primers for RT-ARMS PCR

Primer namea Target
genotype Position, primer sequence (5�–3�)b Product

size (bp)

Warms As A nt 1574–1596*, 5�-GAAGGTCAGCTGACGCCCTGgaT-3� 104
Warms Aas nt 1644*–1675, 5�-GATTTCTGTCATTGTACACatT-3�

Warms B2s B2 nt 1400–1422*, 5�-GATTGGGGGGCAAGGAGGATtcA-3� 125
Warms B2as nt 1500*–1522, 5�-GTGTGCCGGTTGGAAGATGccTG-3�

Warms B3.1s B3.1 nt 1417–1439*, 5�-GACAGGAGGGTCAAACAGtcC-3� 196
Warms B3.1as nt 1587*–1608, 5�-GGCTTGCAGCCTAAGCAGGcgA-3�

Warms B3.2s B3.2 nt 1417–1439*, 5�-GAGGACAGGAGGGTCAAACtcG-3� 119
Consensus B3.2as nt 1510–11528, 5�-CTAGGGGTGTGCCGGTTGG-3�

Warms C2s C2 nt 1292–1314*, 5�-CAGAGATTGCAATGCATACTtgA-3� 185
Warms C2as nt 1450*–1472, 5�-GCCCGGTTTCTCTGTAGCTCagT-3�

Consensus D7s D7 nt 1442–1464, 5�-GAGAAGCCAGGGAGAGCTACAGAG 155
Warms D7as nt 1572*–1594, 5�-GCAGGGCGTCAGCTGACCGTgcG-3�

a The teminal “a” or “as” in the primer name indicates the plus or the minus sense of the gene transcription, respectively.
b The mismaches introduced in the RT-ARMS primers are shown in lowercase letters. * indicates the SNP position according to the assignment described previously

by Cattaneo et al. (5). nt, nucleotides.
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FIG. 2. Genotyping experiment based on RT-ARMS PCR using SYBR green. Different samples of MV genotypes A, B2, B3.1, B3.2, C2, and D7
were tested. The amplification curves of the isolates that reacted with primers specific for genotype A (A), genotype B2 (C), genotype B3.1 (E), and
genotype C2 (G) are indicated, including a representative nonreactive isolate from each genotype and a no-template reaction. On the corresponding
dissociation curves (B, D, F, and H), the melting temperature (Tm) for each genotype has been indicated with a vertical line. Delta Rn, relative fluo-
rescence.
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DISCUSSION
We have developed an RT-ARMS PCR assay to genotype

measles virus. The primers used for this assay were based on
the C-terminal sequence of the N gene, which is the most
variable region of MV genome. The success of the RT-ARMS
PCR method relies on the detection of a genotype-specific
nucleotide by the designed primers. However, our results show

that the specificity of the reaction is enhanced when the two
primers (forward and reverse) have an SNP. Nevertheless, even
with only one specific primer, different genotypes could be differ-
entiated by analysis of their melting curves. We observed this
result when primers specific for genotypes B3.2 and D7 were
used. The differentiation between different genotypes using the
same pair of primers is explained by the fact that the Tm value is

FIG. 3. Amplification curve (A) of various samples of genotypes A, B2, B3.1, B3.2, C2, and D7 as detected by the genotype B3.2-specific
primers. On the dissociation curve (B), the melting-point peaks were clearly separated between genotypes A, B3.1, and B3.2. Delta Rn, relative
fluorescence.

FIG. 4. Measles outbreak investigation by RT-ARMS PCR. Representative results for genotyping of 30 samples isolated during measles
outbreaks in Gabon in 1984 (A), Cameroon in 2001 (B), Morocco in 2003 (C), and France in 2004 (D) are shown. The genotype and the
corresponding Tm are indicated. For each outbreak, the melting curve analysis includes a positive control and a no-template sample.
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directly related to the nucleotide sequence variation (15, 20). The
analysis of the nucleotide composition of the fragment amplified
with genotype B3.2-specific primers showed an average percent-
age of GC content of 63.7 and 63.1% for genotype B3.1 and B3.2,
respectively. Despite the fact that the GC contents of these ge-
notypes are relatively close, these two genotypes could be differ-
entiated, indicating the sensitivity of our method.

Different studies have been developed for virus genotyping
by real-time PCR. Plantier et al. (16) developed a real-time
PCR for human immunodeficiency virus genotyping, and
Bruce et al. (3) developed a real-time PCR for specific detec-
tion of the RV2 lineage of rhadinoviruses, but all these studies
used a fluorescent probe to enhance the specificity of the
reaction. In an attempt to increase the specificity of the RT-
ARMS primer, we deliberately introduced mismatches near
the 3� ends. These primers allowed specific amplification of
the target sequence followed by SYBR green binding and
monitoring of PCR product accumulation. It therefore elimi-
nated the need to synthesize expensive fluorescent probes.
Furthermore, this approach can be used to efficiently enhance
specificity in other hybridization protocols.

The feasibility of RT-ARMS genotyping of MV was dem-
onstrated using samples from different epidemics. Rapid in-
vestigation of measles outbreaks provides important informa-
tion about vaccination program impact and ensures the
implementation of appropriate outbreak response activities.
Data on the MV genotype in Gabon in 1984 confirmed that
only the B2 genotype was circulating in that region. Since 1984,
genotype B2 has not been found elsewhere. With the imple-
mentation of MV surveillance by the WHO in African coun-
tries, further molecular epidemiology studies will clarify
whether or not the B2 genotype is still circulating in Central
Africa.

The analysis of isolates from Cameroon in 2001 show that
only genotype B3.1 was found. Genotype B1 was identified in
Cameroon in 1983 (19) and has not been found since. It ap-
pears to have been replaced by genotype B3.1 (9), or it may be
present in areas that have not been investigated.

In Morocco, only genotype C2 was found during the 2003 epi-
demic. An imported case of MV of genotype C2 from Morocco
was found during the same year in Spain (12). Since the beginning
of molecular characterization of MV in Morocco in 1998 (1), only
genotype C2 has been identified. It probably represents the en-
demic strain in that country.

In France during 2004, sporadic measles cases were geno-
type A (a postvaccination case) and genotype B3.1, genotypes
imported from Africa. We previously reported that MV geno-
type B3.1 was geographically restricted to Central Africa and
the Sudan (9). The advent of modern travel has led to a large
distribution of these viruses. The importation of MV genotype
B3.1 from Africa in Spain during the 2003 epidemic was pre-
viously reported (12). The first case of African MV imported to
France was isolated in Lyon in 1994 and belonged to genotype
B3.2 (7). The number of African measles importations in Europe
is increasing, and this raises the question of the coordination of
MV molecular surveillance between the two continents.

In this study, we described a real-time ARMS PCR assay for
genotyping of six measles genotypes. Using the results ob-
tained by direct sequencing as a reference, the data show that
the accuracy of MV genotyping by melting curve analysis was

approximately 97%. Despite similar reproducibility, the RT-
ARMS PCR offers several advantages over sequencing analy-
sis. First, the RT-ARMS PCR technique is more sensitive, as
only 0.26 ng of the PCR product is required instead of the 50
ng required for the sequencing technique. Second, the time
saved by this approach is considerable. The throughput in the
laboratory has increased from approximately 3 days for 30
genotypes by sequencing and phylogenetic analysis to 2 h by
RT-ARMS PCR assay. Finally, the RT-ARMS PCR genotyp-
ing assay is more appropriate for high-throughput screening, as
it does not required extensive post-PCR manipulation.

In conclusion, the RT-ARMS PCR assay showed good geno-
typing accuracy and was more sensitive and rapid. The real-
time PCR technology is presently available in some laborato-
ries in developing countries (16). Therefore, our method could
be a useful and simple tool for molecular epidemiological
studies by allowing rapid discrimination between different ge-
notypes in field conditions.
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