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Summary
The occurrence of outbreaks of peste des petits ruminants (PPR) in three districts of Tajikistan is described.The
causal strain (PPRTajikistan) was characterized and the sequence of its N gene was compared with that of 43
other strains isolated since 1968 in Africa, the Middle East and Asia.The study demonstrated (1) the value of the
Ngene as a target in comparing isolates obtained over an extended period of evolution, and (2) that clustering was
related to the geographical origin of strains.
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Introduction

Peste des petits ruminants virus (PPRV) causes a se-
vere disease in sheep, goats and small wildlife rumi-
nants. The virus belongs to the genus Morbillivirus,

family Paramyxoviridae, together with rinderpest virus
(RPV), canine distemper virus (CDV), measles virus
(MV) and phocine distemper virus (PDV). Peste des
petits ruminants (PPR), also known as goat plague,
kata and pseudo-enteritis complex (Otte, 1960; Row-
land et al., 1969; Rowland and Bourdin, 1970; Hamdy
et al., 1976) is similar clinically to rinderpest. The dis-
ease is characterized by high fever resulting in depres-
sion, anorexia, ocular and nasal discharge,
pneumonia, necrosis and ulceration of mucous mem-
branes and in£ammation of the gastrointestinal tract
leading to severe diarrhoea. Morbidity and mortality
rates vary but may reach 90^100% (LefeØ vre and Dia-
llo,1990;Taylor et al.,1990).These rates are usually lower
in endemic areas, where mortality may be 20% or less,
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and serosurveillance is sometimes the only indicator of
infection. The seroprevalence rate in sheep and goats
rises with age, the symptoms increasing in severity
when associated with infections such as sheep and goat
pox, and being rapidly fatal in young animals. Morbil-
liviruses are rapidly inactivated at environmental tem-
peratureby solar radiation anddesiccation.Thismeans
that transmission must occur by direct contact with in-
fected animals or their excretions or secretions. Trans-
mission of PPRVoccurs primarily by droplet infection
but may also occur by ingestion of contaminated feed
or water. PPR was ¢rst described (Gargadennec and
Lalanne, 1942) in West Africa and for 30 years was
thought to be con¢ned to this area. The disease has
since been recognized as endemic inWest and Central
Africa (Scott, 1981) and in the north-east of the conti-
nent, Sudan (El Hag Ali andTaylor,1984; Taylor et al.,
1990; Haroun et al., 2002), Kenya and Uganda (Wam-
wayi et al., 1995) and Ethiopia (Roeder et al., 1994;
Abraham et al., 2005). In1987 it appeared in theMiddle
East and has since then been con¢rmed in Jordan
(LefeØ vre et al., 1991), Pakistan (Amjad et al., 1996),
r 2006 Elsevier Ltd. All rights reserved.
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southern India (Shaila et al., 1989; Nanda et al., 1996),
Turkey (Oº zkul et al., 2002; Toplu, 2004; Yesilbag et al.,
2005) and Israel (Abraham, Libeau et al., unpublished).
Recent evidence, however, suggests that the disease ap-
peared in India in the early1940s, fromwhere it spread
toWest Africa (Taylor and Barrett, in press). PPR 75-1
vaccine (Diallo et al., 1989), used with some success in
infected countries, fails to contain the disease, which
causes severe economic losses, especially in goats. In
2004, an outbreak of PPR was detected inThrace, i.e.,
the European part of Turkey (Anderson and Sammin,
2005).
Laboratory con¢rmation of suspected cases is neces-

sitatedby the clinical similarity of rinderpest (RP). En-
zyme-linked-immunoassay (ELISA) is now routinely
used (Libeau et al., 1992, 1995).Virus isolation and dif-
ferential neutralization in cell culture are slow, tedious
and of low e⁄ciency. Immunocapture (Libeau et al.,
1994) and reverse-transcription polymerase chain re-
action (RT-PCR) followed by nucleotide sequencing
(Forsyth and Barrett, 1995; Shaila et al., 1996; Couacy-
Hymann et al., 2002) are the current diagnostic meth-
ods for all morbillivirus infections.
This report describes outbreaks of PPR in three pro-

vinces of Tajikistan in 2004, with characterization of
the strain of virus responsible.
Materials and Methods

Samples

These were collected from outbreaks of disease asso-
ciated with high mortality in sheep and goats in three
separate districts of Tajikistan (Fig. 1), for serology or
Fig.1. Map of Tajikistan showing the three districts (Gharm1, Farkhor
virus detection and identi¢cation. From the town of
Rasht in the Gharm district, 30 serum samples were
collected from 145 surviving goats out of 270 sick ani-
mals as reported by the local authorities. In the Farkh-
ror district, serawere collected fromnine sheep andone
goat out of 30 animals in poor health. In theTavildara
district, investigation of an outbreak in ¢ve ‘‘house-
holds’’ revealed 10 sick animals. These were examined
clinically and one, a young goat aged 8 months, was
killed and subjected to necropsy. Twenty-one samples
(nasal, oral or rectal swabs, or cardiac £uid) were ta-
ken from these animals for virus identi¢cation.

Laboratory Investigations

Competitive ELISA (C-ELISA) tests were performed
to detect antibodies to PPRVand RPV, as described in
the Manual of Standards for DiagnosticTests andVac-
cines of theO⁄ce International des Epizooties (edition
2004). The PPRC-ELISA antibodies for detecting the
haemagglutinin (H) and the nucleoprotein (N) and
the RP C-ELISA anti-H antibodies were those
described previously (Anderson and McKay, 1994;
Libeau et al., 1995). Reading was carried out with a
Multiskan (Titertek, Helsinki, Finland) ELISA reader
at 492 nm. Optical density values were converted to
percentage inhibition values (PI) by the following for-
mula: PI ¼ 100�(OD test/OD 0 per cent con-
trol)� 100.
Detection of PPRV RNA by RT-PCR was per-

formed as described previously (Couacy-Hymann
et al., 2002). In brief, viral RNA was extracted from
100 ml of sample suspension mixed with the lysis solu-
tion of the RNeasy Mini kit (Qiagen, Courtaboeuf,
2 andTavildara 3) inwhich the samples were collected.
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Table 1
List of the oligonucleotides (primers) used for di¡erential diagnosis

Speci¢city Name Purpose Target Location Sequence (50-30)

PM Nad1 Forward Ngene 790o812 50CAAGCCAAGGATTGCAGAAATGA 30

PM Nad2 Reverse Ngene 10124988 50AATTGAGTTCTCTAGAATCACCAT 30

PPRV NP3 Forward Ngene 1232o1255 50GTCTCGGAAATCGCCTCACAGACT 30

PPRV NP4 Reverse Ngene 158341560 50CCTCCTCCTGGTCCTCCAGAATCT 30

RPV B12 Reverse Ngene 127041292 50CAAGGGGGTGAGATCCAGCACAA 30

RPV B2 Forward Ngene 1543o1566 50ATCCTTGTCGTTGTATGTTCTCGG 30

PM, pan-morbillivirus; PPRV, peste des petits ruminants virus; RPV, rinderpest virus.
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France) according to the manufacturer’s instructions.
First strand cDNAwas reverse transcribed with Molo-
ney murine leukaemia virus reverse transcriptase by
means of the First-strand cDNA Synthesis Kit (Amer-
sham Pharmacia Biosciences, Amersham, UK). For
di¡erential diagnosis of PPRVand RPV, three sets of
primers selected on the N protein gene sequence were
used (Table 1). Pan-morbillivirus primers located in
the middle of the gene (Nad1and Nad2) allow the am-
pli¢cation of the N gene of all morbilliviruses and give
a product of 222 bases. The RP (B12, B2) and PPR
(NP3^NP4) speci¢c primers situated at the 30 end of
N gene give ampli¢cation products of 296 and 351, re-
spectively.The ampli¢cation cycle consisted of an initi-
al denaturation at 94 1C, for 2min, followed by 35
cycles of 94 1C for 30 s, 55 1C for 30 s and 72 1C for
30 s. The ¢nal cycle had a prolonged extension time
(72 1C for 5min). The ampli¢ed products were ana-
lysed by electrophoresis in 1.0% agarose gel. PCR pro-
ducts were puri¢ed from gel with QIAquick Gel
Extraction Kit (Qiagen) and directly used in the se-
quencing reaction or ampli¢ed with a Blunt End Clon-
ing Kit (Roche). In the sequencing reaction, the
BigDyeTerminator Cycle Sequencing Ready Reaction
Kit (Applied Biosystems, Courtaboeuf, France) was
used and products were run on an automated DNA se-
quencer (Prism 377; Applied Biosystems, Courtaboeuf,
France,).
Sequence Data, Alignment and Phylogenetic Analysis

The nucleic acid sequences obtained from PCR pro-
ducts obtained with NP3-NP4 primer from this study
were aligned with sequences from PPRV strains that
were maintained in the database (Table 2). Phyloge-
netic analysis was performed on the 255 nucleotides lo-
cated on the 30 end of the nucleoprotein gene of the
virus. The known PPRV sequences were derived from
strains isolated over a period of 30 years. They con-
sisted of ‘‘historical’’ strains, such as the Nigeria 75/1,
from which the PPR vaccine was developed, and also
the Dorcas strain isolated from a Dorcas gazelle in a
zoological collection in the United Arab Emirates
(Furley et al., 1987). Strains isolated between 1988 and
1996 originated from Burkina Faso, India and Turkey,
and more recent strains principally fromwestern Asia,
the Middle East (Iran, Israel, Saudi Arabia) and Afri-
ca (Mali).
The alignment of nucleotide sequences was created

by means of the ClustalW program (Vector NTI, In-
formax, Inc., Rockville, Maryland, USA). Phyloge-
netic analysis was carried out by means of the
‘‘criterion of neighbourhood based on the principle of
parsimony’’ (Saitou and Nei,1987). Dissimilarities and
edge length of dissimilarities between the sequences
were ¢rst determined with Darwin software (Perrier
et al., 2003). Tree construction was based on the un-
weighted‘‘Neighbor-Joining’’methodproposedbyGas-
cuel (1997). Trees were generated with the TreeCon
MATRIXW program of Darwin (Van de peer and De
Watchter,1993).‘‘Bootstrap’’con¢dence values were cal-
culated on1000 replicates.The RBOKvaccine strain of
RPV was considered as an out-group.
Results

History of the Outbreaks and Status of Sampled Animals

From April to November 2004, high mortality oc-
curred in sheep and goats from three districts inTajiki-
stan (Fig.1). In early November, samples were collected
for serology or virus identi¢cation. PPRV-speci¢c anti-
body prevalencewas detected in animals from all three
districts (Table 3). In Gharm district, according to the
veterinarian, the outbreak occurred in May, a¡ecting
270 goats imported from eastern districts of Tajikistan
bordering Afghanistan and China. The sick animals
had shown fever, coughing, diarrhoea and inappe-
tence, but for the last 2 months no mortality had been
recorded among the 145 survivors. Most of the 30 ser-
um samples from this group showed high PI values in
the C-ELISA against the N and H protein of PPRV,
but two females aged 5 years gave negative results. In
the Farkhror district, rumours of high mortality in
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Table 2
Selected strains of peste des petits ruminants virus from the database (‘‘historical’’and recent isolates) of the FAO/OIE Reference

Laboratory for PPR in CIRAD, DeŁ partement EMVT, France

Lineage Year� Country Name of the strain Reference or source Genbank Accession No

I 1968 Senegal SENEGAL68 Laurent,1968 DQ840165
III 1972 Sudan MIELIK72 El Hag Ali andTaylor,1984 DQ840159
III 1972 Sudan SINAR72 El Hag Ali andTaylor,1984 DQ840158
II 1975 Nigeria NIGERIA75 2 Taylor and Abegunde,1979 DQ840161
II 1975 Nigeria NIGERIA753 Taylor and Abegunde,1979 DQ840162
II 1975 Nigeria VAC _ NIGERIA751 Diallo et al.,1989 DQ840160
II 1976 Nigeria ACCRA76 Taylor, Pers com. DQ840163
II 1976 Nigeria NIGERIA761 Taylor and Abegunde1979 DQ840164
II 1978 Ghana ACCRA78 Taylor, Pers com. DQ840167
II 1978 Ghana GHANA78 Taylor, Pers com. DQ840166
III 1983 Oman IBRI83 Taylor et al.,1990 DQ840168
III 1986 United Arab Emirates DORCAS86 Furley et al.,1987 DQ840169
I 1988 Burkina Faso BURKINA88 A.Diallo, Pers com. DQ840172
I 1988 Guinea GUINEA88 A.Diallo, Pers com. DQ840170
I 1989 CoŒ te d’Ivoire CI89 A.Diallo, Pers com. DQ840199
I 1989 Guinea Bissau BISSAU89 A.Diallo, Pers com. DQ840171
IV 1993 Israel ISRAEL ARBELLA KimronVet. Institute DQ840173
III 1994 Ethiopia ETHIOP94 Diallo, Pers com. DQ840175
IV 1994 India INDIA94 Nanda et al.,1996 DQ840176
IV 1994 India SASSAYAN94 2 A.Diallo, Pers com. DQ840179
IV 1994 India THATAGULLAN 941 A.Diallo, Pers com. DQ840180
I 1994 Senegal SENEGAL94 M.Diop et al., 2005 DQ840174
IV 1995 India CALCUTTA95 A.Diallo, Pers com. DQ840177
IV 1995 India PRADESH951 A.Diallo, Pers com. DQ840178
IV 1995 India-Tamilnadu TAMILNADU95 2 A.Diallo, Pers com. DQ840182
IV 1995 Israel ISRAEL953 KimronVet. Institute DQ840181
III 1996 Ethiopia ETHIOPIA96 A.Diallo, Pers com. DQ840183
IV 1996 Turkey TURKEY96 A.Diallo, Pers com. DQ840184
IV 1998 Iran IRAN98 A.Diallo, Pers com. DQ840185
IV 1998 Iran IRAN98 3 A.Diallo, Pers com. DQ840186
IV 1998 Iran IRAN98 4 A.Diallo, Pers com. DQ840187
IV 1998 Israel ISRAEL9810 KimronVet. Institute DQ840191
IV 1998 Israel ISRAEL98 2 KimronVet. Institute DQ840188
IV 1998 Israel ISRAEL98 6 KimronVet. Institute DQ840189
IV 1998 Israel ISRAEL987 KimronVet. Institute DQ840190
II 1999 Mali MALI 99 373 K.Tounkara, Pers com. DQ840194
II 1999 Mali MALI991 K.Tounkara, Pers com. DQ840192
II 1999 Mali MALI99 366 K.Tounkara, Pers com. DQ840193
IV 1999 Saudi Arabia SAUDI99 7 A.Diallo, Pers com. DQ840195
IV 1999 Saudi Arabia SAUDI 99 9 A.Diallo, Pers com. DQ840196
IV 1999 Saudi Arabia SAUDI 99 8 A.Diallo, Pers com. DQ840197
IV 2004 Tajikistan TAJIKISTAN/04 This publication DQ840198
II 2005 Unknown VAC_RUSSIA05 This publication DQ837640

�Year of isolation or reception in the laboratory.
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sheep and goats came to the knowledge of the local
FAO o⁄ce at the end of October. A ¢eld visit on No-
vember 1 failed to con¢m this report clinically, but
PPR was con¢rmed by the C-ELISA in 10 animals in
poor health, nine giving a positive reaction in the
N-based test and eight in the H-based test. The mean
PI value in both tests for this group was high (63%
and 77.5%, respectively). In this group and the pre-
vious group, the H-ELISA gave negative results for
RP. In early November 2004 an outbreak was reported
in theTavildara district, a¡ecting ¢ve households. In-
vestigations revealed 10 sick animals (nine goats and
one sheep) aged 8^18 months. These 10 animals were
numbered according to household (1^5) and, when
more than one animal per household was examined,
also by letter (e.g., 3a, 3b,3c); in all, 21samples were ta-
ken from this group for serology and virus identi¢ca-
tion, and results are given in Table 4. The mean PI
values were comparatively low (59% and 69% for the
N-and H-PPRC-ELISA, respectively), which accords
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Table 3
PPRVserological status of animals sampled

District Number of animals Age (years) Number of positive animals PPRELISA (mean positive PI value in%)� RT-PCR result

N H

Gharn 30y 2^6 28 72.3 79 NA
Farkhror 10z ^ 8 63 77.5 NA
Tavildara 10y 0.5^1.5 10 59 69 +

NA, tissue samples were not collected.
�Positive threshold,X50%.
yAll goats;
zall sheep except for one goat;
yall goats except for one sheep.

Table 4
Laboratory results of PPR cases submitted fromTavildara district,Tajikistan

ELISA (PI value in%)� RT-PCR

Animal Prime set

no. Age(months) Species Sex N-PPR H-PPR H-RP Sample PM PPRV RPV

1 NR Goat F 48 58 30 NA y y y

2 12 Goat ^ 53 72 32 Tears+nasal + + ^
3a 12 Goat ^ 74 85 31 NA y y y

3b NR Goat F 70 69 19 NA y y y

3c 18 Goat M 58 71 34 Nasal+rectal + + ^
4 9 Sheep F 83 83 32 Nasal+rectal + ^ ^
5a 18 Goat M 50 56 20 Nasal + + ^
5b NR Goat F 51 54 25 Nasal + + ^
5c 8 Goat ^ 50 73 27 Cardiac £uid + +/� ^
5d 7 Goat ^ 52 74 23 NA y y y

NR, age not recorded. NA, tissue samples were not collected.
�Positive threshold,X50%.PM, pan-morbillivirus; PPRV, peste des petits ruminants virus; RPV, rinderpest virus.
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with the fact that animals were in the erosive phase of
the disease and just developing an antibody response.
PPRV was detected in a number of the tissue samples,
(tear [1], nasal mucus [5], rectal mucus [2] and cardiac
£uid [1]), with RPV/PPRV speci¢c primers and also
with the pan-morbillivirus primer set.
Most of the clinically a¡ected animals from the

Tavildara district showed severe lachrymation, nasal
discharge, coughing, signs of bronchopneumonia,
and blood-stained diarrhoea. All animals had a rectal
temperature of 39.5^41.5 1C. Some had isolated dry
crust formations at the corners of the lips and a white-
yellow crustation on the surface of the tongue and in-
side the lips. Lesions seen at necropsy (animal 5c,Table
4) included focal haemorrhages in the mucous mem-
brane of the trachea, focal haemorrhagic in£ammation
with isolated necrotic foci of various sizes in the right
apical lobe of the lung, bronchopneumonia with ¢bri-
nous pleural e¡usion and pleural adhesions, dot-
shaped necrotic foci in the rumen, and petechiae
in the small intestine. Large intestine contents were li-
quid and contained sexually mature Strongloides sp.
larvae.

Characterization of the Strain and Determination of its
Geographical Lineage

To obtain epidemiological information and analyse the
genetic relation of theTajikistan strain 2004 (fromTa-
vildara district) with strains of di¡erent geographical
origin, the sequence of this isolate was included in a
large analysis of PPRVgenotypes from strains collected
in various parts of the world.These strains, representa-
tive of the geographical diversity of the virus, were ana-
lysed on the 255 nucleotides that are located on the C
terminus end of the nucleoprotein of the virus (84 aa).
The method applied (‘‘Neighbor-joining’’) to compare
the strains on this sequence resulted in a phylogenetic
tree bearing four di¡erent lineages which were sup-
portedby the‘‘bootstrap values’’, suggestinga co-evolu-
tion of the lineages in relation to their geographical



ARTICLE IN PRESS

Fig. 2. Majority rule consensus tree of PPRV based on the alignment of the nucleotide sequences (1232^1560) of the N protein gene (‘‘Neigh-
bor-joining method’’). Distances were generated withTreeCon MATRIXW program.‘‘Bootstrap values’’on 1000 tree replicates are
shown on each edge of the majority rule consensus tree.The scale represents the edge length of dissimilarities between the sequences,
thus illustrating the relationshipbetween theRBOKvaccine strain of rinderpest virus collected fromGenbank (Z30697) andall other
PPRV strains.
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origin (Fig. 2). As expected, the Tajikistan strain of
PPRV fell into lineage IV and was closely related to
strains isolated since 1998 in Asia, principally in Iran
and in Saudi Arabia. Viruses from Israel and Turkey
formed a cluster which was distinctçalbeit slightlyç
from the India, Calcutta, Pradesh and Tamilnadu
strains. Three lineages present in Africa, were num-
bered I^III, in accordance with the apparent progres-
sion of the disease from west to east. Viruses isolated
from West Africa (Senegal, Guinea, Guinea-Bissau,
CoŒ te d’Ivoire and Burkina Faso) formed lineage I and
those fromGhana,Nigeria andMali formed lineage II.
The African viruses isolated in the East of the country
(Ethiopia and Sudan) were genetically close to those
found in the southern part of the Arabian Peninsula
(e.g., Oman and the United Arab Emirates) which
were grouped in lineage III.This nomenclature di¡ers
from that of the publication of Shaila et al. (1996), based
on sequence data derived from part of the fusion pro-
tein. The present paper refers to the original lineage I
as lineage II and vice versa.
Discussion

Over a period of several months, outbreaks of respira-
tory disease with high mortality in sheep and
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goats were reported to FAO in Tajikistan. The local
veterinarians described the outbreaks as pasteurellosis,
and indeed the national laboratories also frequently
isolated Pasteurella spp. from lung tissue of these cases.
Facilities identifying Pasteurella spp. are not available
inTajikistan, but it is believed that Pasteurella multocida
and Pasteurella hamolytica are the species most com-
monly present. As a result, sheep andgoats inTajikistan
are generally vaccinated against pasteurellosis but not
against PPR, which has not been diagnosed previously.
The clinicopathology of the outbreaks inTajikistan,

as well as the serological and virological ¢ndings in this
study, con¢rmed that the disease was PPR. Clinical
and post-mortem ¢ndings may be su⁄cient for the di-
agnosis of PPR in endemic areas, but molecular meth-
ods of characterization are indispensable in areas
where the disease is introduced for the ¢rst time or in
which outbreaks occur sporadically (Scott,1990). PPR
has also been confused with rinderpest and pasteurel-
losis. Clinical rinderpest in sheep and goats has been
reported in the past in Kenya (Libeau and Scott,1960;
Rossiter andJessett,1982), Nigeria (Beaton,1955; John-
son, 1958), Uganda (Scott and Brown, 1961) and India
(Taylor et al., 2002). However, some of these infections
were later con¢rmed as PPR. In India, PPR was re-
ported for the ¢rst time in1987, having previously been
misdiagnosed as rinderpest.
Characteristic erosive-ulcerative lesions of PPR as-

sociated with high body temperature were observed in
the sick goats in the present study. PCRanalysis of sam-
ples con¢rmed the diagnosis of PPR and led to genetic
characterization of the strainby sequencing of a limited
area of the viral genome. Genotypic classi¢cation
based on the N-protein gene appeared to be an e⁄cient
method for discriminating between geographically se-
parated lineages. Phylogenetic analysis of the PPRTa-
jikistan strain showed that it belonged to lineage IV,
which is known to occur in countries borderingTajiki-
stan. The Arabian Peninsula, the Middle East and
parts of the Indian sub-continent were swept by an epi-
demic of PPR in 1993^1995, caused by a virus now
known to be of lineage IV (Nanda et al., 1996). PPR is
believed to be widespread in Afghanistan, where the
disease was reported in association with a rinderpest
outbreak in 1995 (Geiger and Amir, personal commu-
nication). Since then, the disease has remained ende-
mic in most of these regions and in much of the Indian
sub-continent (Nanda et al., 1996; Shaila et al., 1996).
The data presented here improve our understanding
of the molecular epidemiology of PPRV. The geogra-
phical distribution of lineage IV covers a large area,
probably because of the importance of trade in small
ruminants in Asia. In contrast, viruses of lineage I and
II, distributed in the west and central part of Africa,
seem to be indigenous to that continent and have cer-
tainly evolved independently due to the north^south
orientation of livestock transhumance. Lineage III is,
however, shared by the eastern part of Africa and the
southern part of the Middle-East on both sides of the
Red Sea. Similarly, the isolates covering most of the
major geographical areas of Asia, fromTurkey toTamil-
nadu, were found to belong to lineage IV. Thus, the
areas covered by strains belonging to lineages III and
IVre£ect the traditional routes of exchange and trade
of small ruminants. The genetic relationship between
viruses of distinct geographical origin based on the N
gene supports the study of Shaila et al. (1996), which
was based on sequence data derived from the fusion
protein gene. However, the N gene appears to be more
powerful in clustering strains in accordance with their
geographical origin. For example, two viruses (Sinar72
and Mielik72), both isolated in 1972 from the Sudan,
were previously grouped in two separate lineages (I
and III), whereas the present study placed them both
in lineage III with the Oman (Ibri) and United Arab
Emirates (Dorcas) isolates. The presence of four dis-
tinct genogroups suggests that the disease may have
settled in Asia, theMiddle-East and Africa long before
the initial isolation and characterization of the causa-
tive agent.These four genogroups probably originated
from a common ancestor, which may or may not have
been genetically distinct. In any event, the distribution
of strains into these di¡erent genogroups argues
against the hypothesis of the spread of infection in re-
cent decades fromWest to East. Indeed, it suggests that
lineages have evolved independently over a prolonged
period within large, mainly unconnected areas.
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